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PKEFACE TO THE FIFTH EDITION 

In this edition the text has been critically reviewed, the illustrations 
have been revised and engraved to a larger scale, and the entire book 
has been reset. 

This book was an outgrowth of the experience of the authors in teach- 
ing surveying to engineering students. The first edition of the book, 
printed in 1900, was a successful application of the principles of scientific 
naanagement to the teaching of surveying. The principles on which 
the book was based, while similar to those of Taylor, were arrived at 
independently. Taylor’s first book, printed in 1903, had not yet 
appeared. The results obtained with the Surveying Manual” were 
so satisfactory that the book was almost immediately adopted as a text 
by more than sixty engineering colleges. In addition to its use as a 
textbook on surveying the book has had a marked influence on books 
on surveying printed since 1900. 

The aim has been fo train the student by means of a study of survey- 
ing rather than to teach the trade of surveying. He is taught to be 
self-reliant and to have the power and ability to work independently. 
The use of this book with the locker system has been shown to greatly 
increase the efliciency of the teaching and at the same time to reduce 
the cost of instruction. 

In this edition the fundamental principles adopted in the first edition 
have been retained. Changes and additions have only been made 
where the material was inadequate or unsatisfactory. 

The authors wish to acknowledge their appreciation for many helpful 
suggestions that have been received. Special acknowledgment is due 
the U. S. Geological Survey and the TJ. S. Coast and Geodetic Survey 
for furnishing valuable data and drawings. Special credit is also due 
Milo S. Ketchum, Jr., for his assistance in reviewing and revising the 
book and in reading proof. 

W. D. P. 
M. S. K 

January y 1932. 
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PREFACE TO THE FOURTH EDITION 


In this enlarged edition the book has been revised, nearly all the cuts 
have been redrawn, natural, logarithmic and trigonometric tables have 
been added, and the entire book has been reset and recast. The book 
has been critically revised and many changes and revisions have been 
made to increase its usefulness. The extensive use of the book has 
been due to the following important features, which are retained in the 
present edition. 

1. Clear, definite and concise descriptions of surveying instruments 
and surveying methods. 

2c Clear, definite and concise instructions for surveying field practice. 

3. Carefully arranged and well executed forms of field notes. 

4. The field practice unit has been taken as the squad; the idea being 
to give definite individual training. 

5. By giving allowable limits of precision the critical instinct of the 
student is developed and he is taught to use consistent accuracy. 

6. The main Mea has been to train and develop engineering students 
by a study of surveying, rather than to teach the trade of surveying. 

The thanks of the authors are due the McGraw-Hill Book Company, 
Inc., for the use of the tables giving squares, cubes, square roots, cube roots 
and properties of circles, taken from Harger and Bonney’s ^Hiighway 
Engineers’ Handbook”; and to the J. B. Lippincott Company for the 
use of the tables of five-place logarithms of numbers and of logarithmic 
functions of angles taken from Suplee’s ^'Five Place Logarithms,” and 
the tables of five place natural functions of angles taken from Suplee’s 
'^Mechanical Engineers’ Reference Book.” 

The thanks of the authors are also due the Publication Committee 
of the American Railway Engineering Association for permission to 
print an abstract of "Conventional Signs and Symbols” adopted by the 
Association. 

The authors desire to express their appreciation for the many sugges- 
tions received. 

W. D. P. 

1915. M. S. K. 
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PREFACE TO THE FIRST EDITION 


In preparing this manual the following points have been kept especi- 
ally in view: (1) To provide a simple and comprehensive text designed 
to anticipate and supplement, rather than replace, the usual elaborate 
treatise. (2) To bring the student into immediate familiarity with 
approved surveying methods. (3) To cultivate the student’s skill in 
the rare arts of keeping good field notes and making reliable calculations. 

It is believed that the discussions of the different instruments, their 
use and theory, at the beginning of the several chapters, are unusually 
simple, especially in the relations of the elementary lines. 

The several series of practice problems at the conclusion of the respec- 
tive chapters are arranged so as to give the student familiarity with the 
use of the instrument before taking up its theory and adjustments, this 
order being more effective than the reverse. The interest of the student 
may be stimulated and his gain in skill promoted by giving him practice 
with level and transit very early in the course, after which the scope 
of the work may be much more flexible for both student and instructor. 

Since the list of problems is more extended than can be covered in the 
time usually available for surveying field practice, some range is per- 
mitted in the choice of work from year to year and under varying local 
conditions. By using some discrimination in selecting the more impor- 
tant problems for actual field work, the others may be covered suffix 
ciently by class room discussions. 

The consistent treatment of errors of surveying receives attention 
throughout the book . The methods of work in both the field and the office 
are designed to reveal and, as far as possible, to eliminate blunders and 
errors, and the tests of precision are borrowed from the most rational 
current practice. The distribution of residual errors falling within the 
permissible limits likewise receives due consideration. 

An important innovation in this manual is the liberal use of field 
note and other forms executed according to the standard required of the 
student in like work. The high value of such samples in developing 
the student’s skill in this important detail of field work has been well 
established. It will be seen that the forms are prescribed in liberal 
numbers in the earlier stages of the work while the student is engaged 
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viii PREFACE TO THE FIRST EDITION 

in fixing a standard of quality, but that farther on he is required more 
and more to devise bis own forms. A valuable feature of this system 
is the liberal amount of practice obtained in freehand lettering which 
has marked effect on the drafting and other work. 

It is suggested that the student should be trained to be self-reliant 
by requiring him to verify his own results before submitting them for 
criticism. Likewise he should be encouraged to be genuine by placing 
him on his honor. 

This somewhat informal guide to field and office methods is issued 
primarily for the use of the authors’ classes, but it is hoped that others 
as well may find it of value in presenting principles to the beginner, and 
in cultivating his spirit and manual skill. 

W. D. R 
• M. S. K,. 

December i 1900 . 
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SPECIFICATIONS FOR A GOOD ENGINEER 

good engineer must be of inflexible integrity, sober, truthful, 
accurate, resolute, discreet, of cool and sound judgment, must have 
command of his temper, must have courage to resist and repel attempts 
at intimidation, a firmness that is proof against solicitation, flattery or 
improper bias of any kind, must take an interest in his work, must be 
energetic, quick to decide, prompt to act, must be fair and impartial 
as a judge on the bench, must have experience in his work and in dealing 
with men, which implies some maturity of years, must have business 
habits and knowledge of accounts. Men who combine these qualities 
are not to be picked up every day. Still they can be found. But they 
are greatly in demand, and when found, they are worth their price; 
rather they are beyond price, and their value can not be estimated by 
dollars.” — Chief Engineer Starling’s Report to the Mississippi Levee 
Co'nunissioners. 

^'J3e sure you are right, and then go ahead.” — I). Crockett. 
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SURVEYma MANUAL 

PART I 

SURVEYING METHODS 

CHAPTER I 

GENERAL INSTRUCTIONS 
FIELD WORK 

Habitual Correctness. — Habitual correctness is a duty. Error 
should be looked upon as prohablcy and every precaution taken to 
verify data and results. Unchecked work may always be regarded as 
doubtful. A discrepancy which is found by the maker in time to be 
correct ed by him before any damage is done is not necessarily discredit- 
able, provided the error is not repeated. However, habitual error is not 
only discreditable but dishonorable as well, and nothing except inten- 
tional dishonesty injures the reputation of the engineer more quickly or 
permanently. 

Consistent Accuracy. — The degree of precision sought in the field 
measurements should be governed strictly by the dictates of common 
sense and experience. Due consideration of the purposes of the survey 
and of the time available will enable one to avoid extreme precision 
when ordinary care would suffice, or crudeness when exactness is 
required, or inconsistency between the, degrees of precision observed 
in the several parts of the survey. It is a very common practice 
of beginners, and of many experienced engineers as well, to carry 
calculated results far beyond the consistent exactness. 

Speed. — Cultivate the habit of doing the field work quickly as 
well as accurately. True skill involves both quantity and quality of 
results. However, while the habit of rapid work can and should be 
acquired, the speed attempted in any given problem should never be 
such as to cast doubt upon the results. Slowness due to laziness is 
intolerable. 
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F amili arity with Instructions. — The instructions for the daj^’s work 
should be read over carefully, and preliminary steps, such as the 
preparation of field-note forms, should be taken so as to save time and 
make the work in the field as effective as possible. The ability and 
also the desire to understand and obey instructions are as essential as 
the skill to execute them. 

Inferior Instruments. — Should a poor instrument or other equipment 
be assigned, a special effort should be made to secure excellent results. 
In actual practice, beginners often have to work with defective instru- 
ments, but they should never seek, nor are they permitted, to justify 
poor results by the character of the field equipment. The student 
should therefore welcome an occasional opportunity to secure practice 
with poor instruments. 

Alternation of Duties. — The members of each party should alternate 
in discharging the several kinds of service involved in the field problems, 
unless otherwise instructed. Training in the subordinate positions is 
essential whether the beginner is to occupy them in actual practice or 
not, for intelligent direction of work demands thorough knowledge of 
all its details. 

Field-practice Decorum. — The decorum of surveying field practice 
should conform reasonably to that observed in other laboratory work. 

THE CARE OF FIELD EQUIPMENT 

Responsibility. — The student is responsible for the proper use and 
safe return of all equipment. All cases of breakage, damage, loss or 
misplacement must be reported promptly. The equipment should be 
examined when assigned and a report made at once of any injury or 
deficiency found, so that responsibility may be properly fixed. 

Precautions. — Careful attention to the following practical suggestion? 
will save needless wear to the equipment and reduce the danger of 
accidents to a minimum, besides adding to the quality and speed of 
the work. 

Tripod. — Inspect the tripod legs and shoes. The leg is of the proper 
tightness if, when lifted to an elevated position, it sinks gradually of its 
own weight. The tripod shoes should be tight and have reasonably 
sharp points. 

Setting Up Indoors. — In setting up the instrument indoors on a 
wood floor press the tripod shoes firmly into the floor, preferably with 
each point in a crack; use a timber triangle on a concrete floor. Avoid 
disturbing other instruments in the room. 
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Instrument Case. — Handle the instrument gently in removing it 
from and returning it to the case. It is always best to place the hands 
beneath the leveling base in handling the detached instrument. Con- 
siderable patience is sometimes required to close the lid after returning 
the instrument; if properly placed the lid closes freely 

Mounting the Instrument. — See that the instrument is securely 
attached to the tripod before sliouldering it. Undue haste in this 
particular sometimes results in costly accidents. When screwing the 
instrument on the tripod head, it should be turned in a reverse direction 
until a slight jar is felt, indicating that the threads are properly engaged. 

Sunshade. — ^Always attach the sunshade regardless of the kind of 
weather. The sunshade is a part of the telescope tube and the adjust- 
ment of a delicate instrument may sometimes be affected by its absence. 
In attaching or removing the sunshade or object-glass cap, always hold 
the telescope tube firmly with one hand and with the other twist the 
shade or cap to the right to avoid unscrewing the object-glass cell. 

Carrying the Instrument. — Do not carry the instrument on the 
shoulder in passing through doors or in climbing fences. Before 
shouldering the instrument, the principal motions should be slightly 
clamped; with the transit, clamp the telescope on the line of centers; 
and with the level, when the telescope is hanging down. In passing 
through timber with low branches, give special attention to the 
instrument. Before climbing a fence, set the instrument on the opposite 
side with tripod legs well spread. 

Setting Up in the Field. — ^When setting up in the field, bring the 
tripod legs to a firm bearing with the plates approximately level. Give 
the trii>od legs additional spread in windy weather or in places where 
the instrument may be subject to vibration or other disturbance. On 
side-hill work place one leg up hill. With the level, place two tripod 
shoes in the general direction of the line of levels. 

Exposure of Instrument. — Do not expose the instrument to rain or 
dampness. In threatening weather the waterproof bag should be 
taken to the field. Should the instrument get wet, wipe it thoroughly 
dry before returning it to the case. Protect the instrument from dust 
and dirt, and avoid undue exposure to the burning action of the sun. 
i^.void subjecting it to sudden changes of temperature. In cold weather, 
when bringing an instrument indoors, cover the instrument with the 
bag or return it to the case immediately to protect the lenses and 
graduations from condensed moisture. 

Guarding the Instrument. — Never leave an instrument unguarded 
in exposed situations such as in pastures, near driveways or where 
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blasting is in progress. Never leave an instrument standing on its 
tripod over night in a room. 

. Manipulation of Instrument. — Cultivate from the very beginning the 
habit of delicate manipulation of the instrument. Many parts, when 
once impaired, can never be restored to their original condition. Rough 
and careless treatment of field instruments is characteristic of the 
unskilled observer. Should any screw or other part of the instru- 
ment work harshly, call immediate attention to it so that repairs 
may be made. Delay in such matters is very destructive to the 
instrument. 

Foot Screws. — In leveling the instrument, the foot screws should be 
brought just to a snug bearing. If the screws are too loose, the instru- 
ment rocks, and accurate work can not be done; if too tight, the instru- 
ment is damaged, and the delicacy and accuracy of the observations 
are reduced. Much needless wear of the foot screws may be avoided if 
the plates are brought about level when the instrument is set up. With 
the level, a pair of foot screws should be shifted to the general direction 
of the back or fore sight before leveling up. 

Eyepiece. — ^Before beginning the observations, focus the eyepiece 
perfectly on the cross-hairs. This is best done by holding the notebook 
page, handkerchief or o^ker white object a foot or so in front of the 
object glass so as to illuminate the hairs; and then, by means of the 
eyepiece slide, focus the microscope on a speck of dust on the cross-hairs 
near the middle of the field. To have the focusing true for natural 
vision, the eye should be momentarily closed several times between 
observations in order to allow the lenses of the eye to assume their 
normal condition. The omission of this precaution strains the eye and 
is quite certain to cause parallax. After the eyepiece is focused on the 
cross-hairs, test for parallax by sighting at a well defined object and 
observing whether the cross-hairs seem to move as the eye is shifted 
shghtly. 

Clamps. — -Do not overstrain the clamps. In a well designed instru- 
ment the ears of the clamp screw are purposely made small to prevent 
such abuse. Find by experiment just how tight to clamp the instrument 
in order to prevent slipping, and then clamp accordingly. 

Tangent Screws. — Use the tangent screws for slight motions only. 
To secure even wear the screws should be used equally in all parts of 
their length. The use of the wrong tangent movement is a fruitful 
source of error with beginners. 

Adjusting Screws. — Unless the instrument is assigned expressly for 
adjustment, do not disturb the adjusting screws. 
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Magnetic Needle. — ^Always lift the needle before shouldering the 
instrument. Do not permit tampering with the needle. If possible, 
avoid subjecting the needle to magnetic influence, such as may exist on a 
trolley car. Should the needle become reversed in its polarity or require 
remagnetization, it may be removed from the instrument and brought 
into the magnetic field of a dynamo or electric motor for several minutes, 
the needle being jarred slightly during the exposure; or a good horseshoe 
magnet may be used for the same purpose. The wire-coil counter- 
balance on the needle will usually i^^quire shifting after the foregoing 
process. 

Lenses. — Do not remove or rub the lenses of the telescope. Should 
it be absolutely necessary to clean a lens, use a very soft rag with caution 
to avoid scratching or marring the polished surface. Protect the lenses 
from flying sand and dust, which in time seriously affect the definition 
of the telescope. 

Plumb Bob. — Do not abuse the point of the plumb bob and avoid 
needless knots in the plumb-bob string. 

Cleaning Tripod Shoes. — Remove the surplus soil from the tripod 
shoes before bringing the instrument indoors. 

Leveling Rods. — Leveling rods and stadia boards should not be 
leaned against trees or placed where they may fall. Avoid injury to 
the clamps, target and graduations. Do not mark the graduations 
with pencil or otherwise. Avoid needless exposure of the rod to 
moisture or to the sun. 

Flag Poles. — Flag poles should not be unduly strained and their 
points should be properly protected. 

Chains and Tapes. — Chains should not be jerked. Avoid kinks in 
steel tapes, especially during cool weather. When near driveways, in 
crowded streets, etc., use special care to protect the tape. Band tapes 
will be done up in 5-foot loops, figure 8 form, unless reels are pro- 
vided. Etched tapes should be wiped clean and dry at the end of the 
day’s work. 

Axes and Hatchets. — Axes and hatchets will be employed for their 
legitimate purposes only. Their wanton use ip clearing survey lines is 
forbidden, and their use at all, for such purpose, on private premises 
must be governed strictly by the rights of the owner. 

Stakes. — The consumption of stakes should be controlled by reason- 
able economy, and surplus stakes returned to the general store. For 
the protection of mowing machines in meadows, etc., hub stakes should 
be driven flush with the surface of the ground, and other stakes should 
be left high enough to be visible. Whenever practicable, stakes which 
may endanger machines should be removed after serving the purpose 
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FIELD NOTES 

Scope of Field Notes. — The notes should be a complete record of 
each day’s work in the field. In addition to the title of the problem 
and the record of the data observed, the field notes should include the 
date, weather, organization of party, equipment used, time devoted to 
the problem and any other information which is at all likely to be of 
service in connection with the problem. No item properly belonging to 
the notes should be trusted to memory. Should the question arise as to 
the desirability of any item, it is always safe to include it. The habit of 
rigid self-criticism of the field notes should be cultivated. 

Character of Notes. — The field notes should have character and 
force. As a rule, the general character of the student’s work can be 
judged with considerable certainty by the appearance of his field notes. 
A first-class page of field notes always commands respect, and tends to 
establish and stimulate confidence in the recorder. The notes should 
be arranged systematically. 

Interpretation of Notes. — The field notes should have one and only 
one reasonable interpretation, and that the correct one. They should 
be perfectly legible and easily understood by anyone at all familiar with 
such matters. 

Original Notes. — Each student must keep complete notes of each 
problem. Field notes must not be taken on loose slips or sheets of paper 
or in other notebooks, but the original record must l:)e put in the pre- 
scribed field notebook during the progress of the field work. 

Field Notebook. — The field record must be kept in the prescribed 
field notebook. For ease of identification the name of the owner will 
be printed in bold letters at the top of the front cover of the field 
notebook. 

Pencil. — To insure permanency all notes will be kept with a hard 
pencil, preferably a 4H. The pencil should be kept well sharpened and 
used with sufficient pressure to indent the surface of the paper some- 
what. 

Title Page. — ^An appropriate title page will be printed on the first 
page of the field notebook. 

Indexing and Cross-referencing. — ^A systematic index of the field 
notes will be kept on the four pages following the title page. Related 
notes on different pages will be liberally and plainly cross-referenced. 
The pages of the notebook will be numbered to facilitate indexing. 

Methods ol Recording Field Notes. — ^There are three general me • ]>ods 
of recording field notes, namely: (1) by sketch, (2) by dcscripiion or 
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narration, and (3) by tabulation. It is not uncommon to combine two 
or perhaps all three of these methods in the same problem or survey. 

Form of Notes. — All held notes must be recorded in a held notebook 
ruled as shown below, except where circumstances require modihcation. 
If no form is given, the student will devise one suited to the particular 
problem. 

Lettering. — Field notes will be printed habitually in the Engineermg 
News style of free-hand lettering, as treated in Reinhardt’s “Freehand 
Lettering.” The body of the held notes will be recorded in the slanting 



letter and the headings will be made in the upright letter. The former 
slants to the right 1:2.5, and the so-called upright letter is made to 
slant to the left slightly, say 1:25. Lower case letters will be used in 
general, capitals being employed for initials and important words, as 
required. In the standard held note alphabet the height of lower case 
letters a, c, e, i, rn, n, etc., is ^io inch, and the height of lower case b, d, f, 
g, h, etc., and of all capital letters and all numerals is {}4) inch; 
lower case t is made four units {%o) inch high. This standard accords 
with best current practice and is based upon correct economic principles. 
Sample pages of held notes with letters and hgures drawn full size are 
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given on page 9. The student is expected to make the most of this 
opportunity to secure a liberal amount of practice in free-hand lettering. 

Field-note Sketches. — Sketches will be used liberally in the notes 
and will be made in the field. If desired, a ruler may be used in drawing 
straight lines, but the student is urged to acquire skill at once in making 
good plain free-hand sketches- The field sketches should be bold and 
clear, in fair proportion and of liberal size so as to avoid confusion of 
detail. The exaggeration of certain details in a separate sketch some- 
times adds greatly to the clearness of the notes. The sketches should be 
supplemented by descriptive statements when helpful, and important 
points of the sketch should be lettered for reference. The precise 
scaling of sketches in the field notebook, while sometimes necessary, is 
usually undesirable owing to the time consumed. It is also found that 
undue attention to the drafting of the sketch is very apt to occupy the 
mind and cause omissions of important numerical data. Since recorded 
figures, and not the size of the field sketch itself, must usually be 
employed in the subsequent use of the notes, it is important to review 
the record before leaving the field to detect omissions or inconsistencies. 
Making sketches on loose sheets or in other books and subsequently 
copjdng them into the regular field book is very objectionable pi’actice 
and wiU not be permitted in the class work. ‘Copies of field notes or 
sketches are never as trustworthy as the original record made dmrvng 
the progress of the field work. In very rapid surveys where legibility 
of the original record must perhaps suffer somewhat, it is excellent 
practice to transcribe the notes at once to a neighboring page, thus 
preserving the original rough notes for future reference. The original 
has more weight as evidence, but the neat copy made before the notes 
are cold is of great help in interpreting them. 

Ntimerical Data. — The record of numerical data should be consistent 
with the precision of the survey. In observations of the same class a 
uniform number of decimal places should be recorded. When the 
fraction in a result is exactly one-half the smallest unit or decimal place 
to be observed, record the even unit. Careful attention should be 
given to the legibility of numerals. This is a matter in which the 
beginner is often very weak. This defect can be corrected best by 
giving studious attention and practice to both the form and the vertical 
alinement of tabulated numerals. 

Erasures. — Erasures in the field notes should be avoided. In case 
a figure is incorrectly recorded, it should be crossed out and the correct 
entry made near by. The neat cancellation of an item in the notes 
inspires confidence, but evidence of an erasure or alteration casts doubt 
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AugiIes of Triangle |5-6-7 
Station Value oF Anqle 
bhlieas. 2nd Meas. Mean 

5 88°50' 8dV' 88°50’50" 

6 A7°47' 4.7%7' 47%7W' 


7 4.7>°83‘ 43'3’ 4.33W 

I , \I80°00’30"^ 

( difference in measurements non to excee^d i'J 
(Error, not to exceed i')^ 


Left Hand Paqe. 
Observers, J.Doe 5t R. Roe. 

With Engineers’ TransIt. 

iiovdS, i93 7(8 hours). PVarm and quiet 
Used Heikrd Brightly Transit No, iO. 
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upon their genuineness. When a set of notes becomes so confused that 
erasure seems desirable, it should be transcribed, usually on another 
page. Rejection of a page of notes should be indicated by a neat cross 
mark, and cross reference should be made between the two places. 

OflSlce Copies. — Office copies of field notes will be submitted promptly, 
as required. These copies must be actual transcripts from the original 
record contained in the field notebook of the individual submitting the 
copy. When office copies are made, a memorandum of the fact should 
be entered on the page of the field notebook. When so specified, the 
office copies will be executed in India ink. 

Criticism of Field fSTotcs.—The field notes must be kept in shape for 
inspection at any time, and be submitted on call. All calculations and 
reductions must be kept up to date. The points to which chief attention 
should be directed in the criticism of the field notes are indicated in the 
following schedule. The student is expected to criticise his own notes 
and submit them in as perfect condition as possible. For simplicity 
the criticisms will be indicated by stamping on the notebook page the 
reference letters and numbers shown in the schedule. 

Schedule op Points for the Criticism op Field Notebooks 

A. Subject Matter. 

1. General: 

а. Descriptive title of problem. 

б. Date. 

c. Weather, 

d. Organization of party. 

e. Equipment used. 

/. Time devoted to the problem. 

g. Indexing and cross-referencing. 

h. Page numbering. 

i. Title page. 

j. Identification of field notebook. 

2- Record of Data: 

a. Accuracy. 

h. Completeness. 

c. Consistency. 

d. Arrangement. 

e. Originality. . 

B. Execution. 

1. Lettering: 

a. Style. {Engineering News.) 

b. Size, (a, c, e, i, etc., inch high; b, d, f, g, etc., A, B, C, etc.. 

1 9 5? inch hiffh; t, -lln inch.) 
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c. Slant, (In body of notes, slanting, 1:2.5 to right, in headings, 
upright, about 1:25 to left.) 

d. Form. (See Reinhardt’s “Freehand Lettering.”) 

e. Spacing. (Of letters in words; of numerals; of words; balancing 
in column or across page.) 

/. Alinement. (Horizontal; vertical.) 

g. Permanency. (Use sharp hard pencil with pressure.) 

2, Sketches. 

а. To be bold, clear and neat. 

б. To be ample in amount, 

c. To be of liberal size. 

d. To be in fair proportion. 

e. To be made free-hand. 

/. To be made in the field. 

OFFICE WORK 

Importance of Office Work. — Capable office men are comparatively 
rare. Skill in drafting and computing is within the reach of most men 
who will devote proper time and effort to the work. Men who are 
skillful in both field and office work have the largest opportunity for 
advancement. 

Calculations- — All calculations and reductions of a permanent 
character must be shown in the field notebook in the specified form. 
Cross references between field data and calculations should be shown. 
Consistency between the precision of computed results and that of the 
observed data should be maintained. Computed results should be 
verified habitually, and the verified results indicated by a check mark. 
Since most computers are prone to repeat the same error, it is desirable 
in checking calculations to employ independent methods and to follow 
a different order. A fruitful source of trouble is in the transcript of 
data, and this should be checked first when reviewing doubtful calcula- 
tions. Skilled computers give much attention to methodical arrange- 
ment, and to contracted methods of computing and verifying results. 
Familiarity with the slide rule and other labor-saving devices is impor- 
tant (see Chapter X, Methods of Computing). 

Drafting-room Equipment. — The student is responsible for the 
proper use and care of drafting-room furniture and equipment provided 
for his use. 

Drafting. — The standard of drafting is that indicated in Reinhardt’s 
“Technic of Mechanical Drafting.” 

Drafting-room Decorum. — The decorum of the student in the drafting 
room will conform to that observed in first-class city drafting -offices > 
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THE CHAIN AND TAPE 
METHODS OF FIELD WORK 

Units of Measure.— In the United States the foot is used by civil 
engineers in field measurements. Fractions of a foot are expressed 
decimally, the nearest 0.1 being taken in ordinary surveys, and the 
nearest 0.01 foot (say inch) in more refined work. 

In railroad and similar ^Tine’^ surveys by W'hich a station stake is set 
every 100 feet, the unit of measure is really 100 feet instead of the foot. 
The term station” was originally applied only to the actual point 
indicated by the numbered stake, but it is now universal practice in this 
country to use the word station in referring to either the point or the 
100-foot unit distance. A fractional station is called a "'plus” for the 
reason that a plus sign is used to mark the decimal point for the 100-foot 
unit, the common decimal point being reserved for fractions of a foot. 
The initial or starting stake of such a survey is numbered 0. 

The 100-foot chain is commonly called the engineers’ chain” to 
distinguish it from the 66-foot or 100-link chain which is termed the 
^‘surveyors’ chain” because of its special value in land surveys involving 
acreage. The latter is also called the “Gunter chain ” after its inventor, 
and is otherwise known as the “four-rod” or “four-pole chain.” British 
engineers use the Gunter chain for both line and land surveys. Tlio 
“surveyors’” or Gunter chain, while no longer used in actual surveying, 
is described in this book for the reason that the United States rectangu- 
lar surveys were made throughout with the 66-foot chain. 

In the Spanish- American countries the vara is generally used in land 
surveys. The Castilian vara is 32.8748 inches long, but the state of 
California has adopted 32.372 inches, and Texas 33H inches, as the legal 
length of the vara. 

While the metric system is used exclusively, or in part, in each of 
the several United States government surveys, except those for public 
lands, Little or no progress has been made toward its introduction in 
other than government surveys. 

Linear Measuring Instruments. — Two general types of linear measur- 
ing devices are used by surveyors, viz., the common chain and the tape. 

12 
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There are several kinds of each, according to the length, material and 
method of graduation. 

The common chain is made up of a series of links of vdre having loops 
at the ends and connected by rings so as to afford flexibility. The 
engineers’ chain is shown in (a), Fig. 1, the illustration being that of a 
50-foot chain, or one-half the length generally used. The surveyors’ 



Fig. 1. 


or Gunter chain is shown in (5), Fig. 1. In the common chain the end 
graduation is the center of the crossbar of the handle, and every tenth 
foot or link is marked by a notched brass tag. In the 100-foot or 
100-link chain the number of points on the tag indicates the multiple 
of ten units from the nearer end, and a circular tag marks the middle 
of the chain. The chain is done up hour-glass shape, as shown in the 
cut. 
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Chaining pins made of steel wire are used in marking the end of the 
chain or tape in the usual process of linear measurement. A set of pins 
usually numbers eleven, as indicated at (c), Pig. 1. The pins are 
carried on a ring made of spring steel wire. 

The flat steel band, shown in (d) and (e). Fig. 1, is the best form of 
measuring device for most kinds of work. The band tape is usually 
100 feet long. The end graduations of the band tape are usually 
indicated by brass shoulders, which should point in the same direction, 
as shown in (/), Fig. 1. The lOO-foot band tape is commonly grad- 
uated every foot of its leng-th, and the end foot to every 0.1 foot, 
every, fifth foot being numbered on a brass sleeve. Brass rivets are 
most commonly used in graduating this tape. The band tape may bo 
roUed up on a special reel, as indicated in {d) and (c), although some 
engineers dispense with the reel and do up the tape in the form of the 
figure 8 in loops of 5 feet or so. 

The steel tapes shown in {g) and (A) have etched graduations. This 
style of tape is commonly graduated to 0.01 foot or Fg inch. It is more 
fragile than the band tape and is commonly used on more refined work. 
The form of the case shown in (A) has the advantage of allowing the tape 
to dry if wound up while damp. 

The metallic’^ tape (i), Fig. 1, is a woven linen line having fine 
brass wire in the warp. 

The steel tape is superior to the common chain chiefly because of the 
permanency of its length. The smoothness and lightness of the steel 
tape are often important advantages, although the latter feature may bo 
a serious drawback at times. The tape is both easier to break and more 
difficult to mend than the common chain. 

Tapes for measuring base lines with great precision are made of 
Invar steel. Invar steel has a very small coefficient of expansion. 
Invar-steel tapes are more expensive than ordinary steel tapes. 

Cha inin g. — In general, the horizontal distance is chained. Two 
persons, called head and rear chainmen, are required. The usual 
process is as follows: 

The line to be chained is first marked with range poles. The head 
chainman casts the chain out to the rear, and, after setting one marking 
pin at the starting point and checking up the remaining ten pins on his 
ring, steps briskly to the front. The rear chainman allows the chain 
to pass through his hands to detect kinks and bent links. Just before 
the full length is drawn out, the rear chainman calls “halt,” at which 
the head chainman turns, shakes out the chain and straightens it on the 
true line under the direction of the rear chainman. In order to allow a 
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clear sight ahead, the front chainman should hold the chain handle with 
a pin in his right hand well away from his body, supporting the right 
elbow on the right knee, if desired. The rear chainman holds the 
handle in his left hand approximately at the starting point and motions 
with his right to the head chainman, his signals being distinct both as to 
direction and as to amount. Finally, when the straight and taut chain 
has been brought practically into the true line, the rear chainman, 
slipping the handle behind the pin at the starting point with his left 
hand, and steadying the top of the pin with his right, calls out stick.” 
The head chainman at this instant sets his pin in front of the chain 
handle and responds “stuck,” at which signal and not before the rear 
chainman pulls the pin. 

Both now proceed, the rear chainman giving the preliminary halt 
signal as he approaches the pin just set by the head chainman. The 
chain is lined up and stretched, the front pin set, and the rear pin pulled 
on signal, as described for the first chain length. This process is 
repeated until the head chainman has set his tenth pin, when he calls 
^^out” or “tally,” at which the rear chainman walks ahead, counting 
his pins as he goes, and, if there are ten, transfers them to the head 
chainman who also checks them up and replaces them on his ring. A 
similar check in the pins may be made at any time by remembering 
that the sum, omitting the one in the ground, should be ten. This 
safeguard should be taken often to detect loss of pins. The count of 
tallies should be carefully kept.- 

When the end of the line is reached, the rear chainman steps ahead, 
and reads the fraction at the pin, noting the units with respect to the 
brass tags on the chain. The number of pins in the hand of the rear 
chainman indicates the number of applications of the chain since the 
starting or last tally point. A like method is used in case intermediate 
points are to be noted along the line. 

On sloping ground the horizontal distance may be obtained either 
by leveling the chain and plumbing down from the elevated end, or by 
measuring on the slope and correcting for the inclination. In ordinary 
work the former is preferred, owing to its simplicity. In “breaking 
chain” up or down a steep slope, the head chainman first carries the 
full chain ahead and places it carefully on the true line. A plumb bob, 
range pole or loaded chaining pin should be used in plumbing the points 
up or down. The segments of the chain should be in multiples of ten 
units, as a rule, and the breaking points should be “thumbed” by both 
chainmen to avoid blunders. Likewise, special caution is required to 
avoid confusion in the count of pins during this process. 
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The general method of measuring with the band tape is much the 
same as with the common chain. The chief difference is due to the 
fact that the handle of the tape extends beyond the end graduation, so 
that it is more convenient for the head chainman to hold the handle in 
his left hand and rest his left elbow on his left knee, setting the pin with 
his right hand- Another difference is in the method of reading fractions. 
It is best to read the fraction first hy estimation, as with the chain, 
making sure of the feet; then shifting the tape along one foot, get an 
exact decimal record of the fraction by means of the end foot graduated 
to tenths; the nearest 0.01 foot is estimated or, in especially refined 
work, read by scale. 

In railroad and similar line surveys, chaining pins are usually dis- 
pensed with and the ends of the chain are indicated by numbered stakes. 
The stake marked 0 corresponds to the pin at the starting point, and 
the station stakes are marked thence according to the number of 
100-foot units laid off. 

Perpendiculars. — Perpendiculars may be erected and let fall with 
the chain or tape by the following methods: 

a. By the 3:4:5 method, shown in {a), Fig. 2, in w^hich a triangle 
having sides in the ratio stated is constructed. 

h. By the chord bisection method, shown in (b), Fig. 2, in which a 
line is passed from the bisecting point of the chord to the center of the 
circle, or vice versa. 

c. By the semicircle method, shown in (c), Fig. 2, in which a semi- 
circle is made to contain the required perpendicular. 

The first method corresponds to the use of the triangle in drafting. 
Good intersections are essential in the second and third methods. 
Results may be verified either by using another process, or by repeating 
the same method with the measurements or position reversed, as 
indicated in (d), Fig. 2. 

In locating a perpendicular from a remote point, the ratio method 
shown in (e), Fig. 2, may be used; or a careful trial perpendicular may be 
erected at a point estimated by placing the heels squarely on line and 
swinging the arms to the front, then proving by precise method. 

Parallels. — Parallels may be laid off with the chain in various ways, 
a few of the simpler of which are : 

a. By equal distances, as in (a), Fig. 3, in which two equal distances 
are laid off, usually at right angles to the given line. 

h. By similar triangles, as in (6) and (c), Fig. 3. The ratio mav, of 
course, have any value. 
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c. By alternate angles, as in {d), Fig. 3, in which two equal angles 
are laid olf in alternation. 

The first method is adapted to laying off a rectangle, as in staking out 
a building, in which case a good check is found in the equality of the 
diagonals. Precision of alinement is important, especially where a line 
is prolonged. 



Fig. 2. 


Fig. 3. 


Fig. 4. 


Angles. — Angles may be determined by linear measurements i i the 
following ways: 

a. By the chord method, shown in (a), Fig. 4, in which the radius 
is laid off on the two lines forming the angle, and the cord measured, 
h. The tangent method, shown in (6), Fig. 4, in which a perpendicular 
is erected at one end of tlie radius, and the length of the perpendicular 
intercepted by the two lines measured. 

6‘. The sine-cosine method, (c), Fig. 4, wiiich is better suited to con- 
structing than to measuring angles. 

The chord method is usually the most satisfactory. The tangent 
method may be applied to the bisected angle when its value approaches 
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a right angle. Measurement of the supplementary angle affords an 
excellent check. A 100-foot radius is commonly used, although good 
results may be had with the 50-foot tape. Careful alineinent is of the 
first importance in angular measurements. 

It is sometimes necessary to determine angles, at least approximately, 
when no tables are at hand. Fair results may be had on smooth ground 
by measuring the actual arc struck off to a radius of 57.3 feet. 

For very small angles, the sine, chord, arc and tangent, (d), Fig. 4, are 
practically equal. Thus, sin 1^^ is .017452 and tan 1°, .017455, or either 
(say) .01745, or 1% per cent. Also, arc 1' is .000291, or (say) .0003 
(three zeros three); and, arc 1" is .00000485, (say) .000005 (five zeros 
five). 

Location of Points, — Points are located in surveying field practice in 
the following seven ways. 

a. By rectangular coordinates, that is, by measuring the perpendicular 
distance from the required point to a given line, and the distance thence 
along the line to a given point, as in (a). Fig. 5. 



h. By focal coordinates or tie lines, that is, by measuring the distances 
from the required point to two given points, as in (/>), Fig. 5. 

c. By polar coordinates, that is, by measuring the angle between 
a given line and a line drawn from any given point of it to the required 
point; and also the length of this latter line, as in (c), Fig. 5. 

d. By modified polar coordinates, that is, by distance from one 
fenown point and a direction from another, as in (d). Fig. 5. 

e. By angular intersection, that is, by measuring the angles made 
with a given line by two other lines starting from given points upon it, 
and passing through the required point, as in (e). Fig. 5. 

/. By resection, that is, by measuring the angles made with each 
other by three lines of sight passing from the required point to three 
points, whose positions are known, as in (f), Fig. 5. 
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g. By diagonal intersection, that is, by two lines joining two pairs 
of points so as to intersect in the required point, as in (^g), Fig. 5. 

In each of these methods, except (/), the point is determined by 
the intersection of either two right lines, two circles, or a right line 
and a circle. 

Methods (a) and (6) are best suited to chain surveys; (c) and (d) 
are used most in the location of railroad curves; (e) and (/) are employed 
chiefly in river and marine surveys for the location of soundings, the 
latter being commonly known as the 'Hhree-point problem^’; the 
last method, {g), is much used for “referencing out'’ transit points 
in railroad and similar construction surveys. 

Location of Objects. — The location of buildings and topographic 
objects usually involves one or more of the foregoing methods of 
locating a point. 

In Fig. 6, (a), (6), (c; and {d) suggest methods of locating a simple 
form, and (c) and (/) illustrate more complex cases. 

Tie-line Surveys. — For many purposes tie-line surveys, made with 
the chain or tape alone, are very satisfactory. The skeleton of such 




just outlined. Much time may be saved by carefully planning the 
survey. A few typical applications of the tie-line method are shown 
in Fig. 7. 
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Ranging in Lines. — The range pole or flag pole is usually painted 
with alternate feet red and white, and the lower end is shod or spiked. 
A temporary form of range pole, called a picket, ” is sometimes cut 
from a straight sapling. 

In flagging a point, the spike of the pole is placed on the tack and 
the pole plumbed by holding it symmetrically between the tips of the 
fingers of the two hands, the flagman being squarely behind the pole. 

In hilly or timbered country the two land corners or other points 
between which it is -desired to range in a line, are often invisible one 
from the other. In many cases two intermediate points, C' and D' , 
(a), Fig- 8, may be found, from which the end points, B and A, respec- 
tively, are visible; so that after a few successive linings in, each by the 
other, the true points, C and D, are found. 

Otherwise, as shown at (b), Fig. 8, a random line may be run from 
A toward B. The trial line is chained and marked, the perpendicular 
from B located and points interpolated on the true line. 



fcj Sts/ce Suarc/ Stake 

Fig. S. Fig. 9. 


If the desired line is occupied by a hedge or other obstruction, an 
auxiliary parallel line may be established in the adjacent road or field, 
after one or two trials, as in (c), Fig. 8. 

A line may be prolonged past an obstacle by rectangular offsets or by 
equilateral triangles. 

Signals. — There is little occasion for shouting in surveying field 
work if a proper system of sight signals is used. Each signal should 
have but one meaning and that a perfectly distinct one. Signals 
indicating motion should at once show clearly both the direction and 
the amount of motion desired. Some of the signals in common use 
are as follows: 

a. “Right” or “left” — the arm is extended distinctly in the 
desired direction and the motion of the forearm and hand is graduated 
to suit the lateral motion required. 
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^‘Up” or ‘'down” — the arm is extended laterally and raised or 
lowered distinctly with motions to suit the magnitude of the movement 
desired. Some levelers use the left arm for the up signal and the right 
for down. 

e. “Plumb the pole (or rod)” — if to the right, that arm is held 
vertically with hand extended and the entire body, arm included, 
is swung distinctly to the right, or vzce versa. 

d. “All right” — both arms are extended full length horizontally and 

waved vertically. * 

e. “Turning point” or “transit point” — the arm is swung slowly 
about the head. 

/. “Give line” — the flagman extends both arms upward, holding 
the flag pole horizontally, ending with the pole in its vertical position. 
If a precise or tack point is meant, the signal is quicker and sharper. 

g. Numerals are usually made by counted vertical swings with the 
arm extended laterally. A station number is given with the right 
hand and the plus, if any, with the left; or a rod reading in like manner. 
The successive counts are separated by a momentary pause, emphasized, 
if desired, by a slight swing with both hands. 

Stakes and Stake Driving. — ^A flat stake is used to mark the stations 
in a line survey, and a square stake or hub to mark transit stations, 
{a) and (6), Fig. 9. The station stake is numbered on the rear face, 
and the hub is witnessed by a flat guard stake driven slanting 10 inches 
or so to the left. Fig. 9. The numerals should be bold and distinct, 
and made with keel or waterproof crayon, pressed into the surface of the 
wood. 

Having located a point approximately with the flagpole, the stake 
should be driven truly plumb in order that the final point may fall near 
the center of its top. In driving a stake, the axeman should watch 
for signals. It is better to draw the stake by a slanting blow than to 
hammer the stake over after it is driven. Good stake drivers are 
scarce. 


PROBLEMS WITH THE CHAIN AND TAPE 

General Statement. — Each problem is stated under the following 
heads : 

fl. Equipment . — In which are specified the articles and instruments 
assigned or required for the proper performance of the problem. A 
copy of this manual and a regulation field notebook, with a hard 
pencil to keep the record, form part of the equipment for every problem 
assigned. 
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6. Problem. — In which the problem is stated in general terms. The 
special assignments will be made by program. 

c. Methods. — In which the methods to be used in the assigned work 
are described more or less in detail. In some problems alternative 
methods are suggested, and in others the student is left to devise his own. 

Problem Al- Length of Pace 

a. Equipment. — (No instrumental equipment required.) 

b. Problem. — Investigate the length of pace as follows: (1) the natural 
pace; (2) an assumed pace of 3 feet; and (3) the effect of speed on the length 
of the pace. 

c. Methods. — (1) On an assigned course of known length count the paces 
while walking at the natural rate. Observe the nearest 0.1 pace in the 
fraction at the end of the course. Secure ten consecutive results, with, no 
rejections, varying not more than 2 per cent. (2) Repeat (1) for an assumed 
3-foot pace. (3) Observe (in duplicate) time and paces for four or five rates 
from very slow to very fast, with paces to the nearest 0. 1 and time to the 
nearest second. Record the data and make reductions as in the form. 

Problem A2. Distances by Pacing 

a. Equipment. — (No instrumental equipment required.) 

b. Problem. — Pace the assigned distances. 

c. Methods . — (1) Standardize the pace in duplicate on measured base. 
(2) Pace each line in duplicate, results differing not more than 2 per cent. 
Record and reduce as in the form. 

Problem A3. Axeman and Flagman Practice 

a. Equipment. — Flag pole, axe, 4 flat stakes, 1 hub, tacks. 

b. Problem. — Practice the correct routine duties of axeman and flagman. 

c. Methods. — (1) Number three station stakes to indicate representative 
cases and drive them properly. (2) Drive a hub flush with ground and tack 
it; number a witness stake and drive it properly. (3) Arrange a program 
of signals with partner, separate 1,000 feet or so and practice same. (4) 
Signal say five station numbers to each other and afterwards compare 
notes. Make a concise record of the foregoing steps. 

Problem A4. Range Pole Practice 

a. Equipment.— A flag poles. 

b. Problem. — Given two hubs approximately 1,000 feet apart, interpolate 
a flag pole say 100 feet from one hub, remove the distant pole, prolong the 
line by successive 100-foot sigh t% and note the error at distant hub. Repeat 
process for 200-foot and 300-foot sights. 

c. Methods. — (1) Set the distant flag pole precisely behind hub and hold 
the spike of the pole on the tack of the near hub; lying on the ground back 
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of the near hub, line in the pole 100 feet (paced) distant; remove the pole 
from the distant hub, and prolong b 3 '- 100-foot sights up to the distant hub, 
noting error to the nearest 0.01 foot. (2) Repeat in the reverse direction, 
using 200-foot sights. (3) Repeat with 300-foot sights. Avoid all bias. 
Record the data in suitable form, describing the steps concisely. 


Problem A6. Standardizing Chain or Tape 

a. Equipment . — Chain or tape assigned in any problem where standard 
length of chain may be of value. 

b. Problem . — Determine the length of the assigned chain or tape by 
comparison with the official standard under the conditions of actual use. 

c. Methods . — In standardizing tape, reproduce the conditions of actual 
use as regards tension, support, etc., bring one end graduation of the chain 
or tape to coincide with one standard mark and observe the fraction at the 
other end with a scale. As a general rule, observe one more decimal place 
than is taken in the actual chaining. 

Problem A6. Distances with Surveyors’ Chain 

a. Equipment. — Surve 3 ''ors’ chain, set of chaining pins, 2 plumb bobs, 
2 flag poles (unless instructed otherwise). 
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6. Problem . — On an assigned chaining course about 1 mile long measure 
distances with the surveyors’ chain to the nearest 0.1 link, and repeat the 
measurements in the opposite direction. 

c. Methods. — (1) Standardize the chain before and after, as prescribed 
in A5. (2) Chain along the assigned course, noting the distances from the 

starting point to the several intermediate points and to the end station. 
Observe the fractions to the nearest 0.1 link by estimation. (3) Repeat the 
chaining in- the opposite direction, noting the distances from the end point, 
as before. The difference between the totals in the two directions s&ould 
not exceed 1:3,000. Retain the same party organization throughout the 
problem. Record the data as in the prescribed form. 


Problem A7. Distances with the Engineers’ Chain 
a. Equipm.cnt. — Engineers’ chain, set of chaining pins, 2 plumb bobs, 
2 flag poles (unless instructed otherwise), 

h. Problem . — On an assigned chaining course about 1 mile long measure 
distances with the engineers’ chain to the nearest 0.1 foot, and repeat the 
measurements in the opposite direction. 
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c. Methods. — (1) Standardize the chain before and after, as prescribed 
in A5. (2) Chain along the assigned course, noting the distances from the 

starting point to the several intermediate points and to the end station. 
Observe the fractions to the nearest 0.1 foot by estimation. (3) Repeat the 
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diaining in the opposite direction, noting the distances from the end point, 
as before. The difference between the totals in the two directions should 
not exceed 1:3,000. Hetain the same party organization throughout the 
problem. Kecord the data as in the form. 


Problem A8. Distance with 100-foot Steel Tape 


a. Equipment. — 100-foot steel band tape with end foot graduated to 
tenths, set of chaining pins, 2 plumb bobs, 2 flag poles (unless instructed 
otherwise). 

h. Problem . — On an assigned chaining course about 1 mile long measure 
distances with the 100-foot steel band tape to the nearest 0.01 foot, and 
repeat the measurements in the opposite direction. 
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c. Methods. — (1) Standardize before and after, as prescribed in A5. 
(2) Chain along the assigned course, noting the distances from the starting 
point to the several intermediate points and to the end station. In observ- 
ing the fractions, first determine the foot units, then estimate the nearest 
0.1 foot, then shift the tape along 1 foot and read the exact fraction on the 
end of the tape, estimating the nearest 0.01 foot. (3) Repeat the measure- 
ment in the opposite direction, noting the distances from the end point, as 
before. The difference between the totals in the two directions should not 
exceed 1:6,000. Retain the same party, organization- Record the data 
as in the form. 



THE CHAIN AND TAPE 


27 


Problem A9. Horizontal Distance on Slope with Steel Tape 


a. Equipment. — 100-foot steel tape with etched graduations to 0=01 
foot, set of chaining pins, 2 plumb bobs, 3 flag poles, axe, supply of pegs, 
engineers’ level and rod (unless otherwise instructed). 

h. Pro6Zem.— Determine the horizontal distance between two assigned 
points on a steep slope, (1) by direct horizontal measurement, and (2) 
by measurement on the slope and reduction to the horizontal,. 

c. Methods. — (1) Standardize the tape for each method, as prescribed in 
A5, both before and after the day’s chaining. (2) In chaining down hill, 
the rear chainman lines in the flag pole in the hand of the head chainman, 
then holds the tape end to the tack on the hub| the flagman stands 50 feet 
or more from the line opposite the middle of the tape and directs the head 
chainman in leveling the front end, then supports the middle point of the 
tape under the direction of the head chainman; the head chainman^ with a 
spring balance attached to the tape and using the pole as a help to steady 
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the pull, brings the tension to 12 pounds; the recorder plumbs down the 
front end, and sets the pin slanting sidewise. After checking the pin, 
proceed with the next 100 feet. In chaining up hill, follow the same general 
method, using the plumb bob at the rear end. In leveling the tape the 
tendency will be to get the down hill end too low. Chain the line in dupli- 
cate, retaining the same organization. (3) Chain the line again in duplicate. 
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tape lying on the ground, pull 12 pounds, pins set plumb, fraction direct 
to the nearest 0.01 foot. Set temporary pegs flush witli the ground every 
100 feet and also at intermediate sudden changes of slope, for levels. Deter- 
mine the differences of elevation between successive pegs, unless the leveling 
data are supplied to the party. Hecord the data and malce reductions and 
comparisons as in the form. 

Problem AlO. Angles of a Triangle with Tape 
a. Equipment. — 100-foot steel tape, 50-foot metallic tape, set of chaining 
pins, 2 plumb bobs, 2 flag pbles, five-place tables of trigonometric functions 
in this manual (each member of party to have tables). 

h. ProfeZem.— -Measure the angles of an assigned triangle with the steel 
tape and also with the metallic tape, the error of closure not to exceed 3 
minutes. 
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c. Methods. — (1) Measure each angle with the steel tape by both the 
chord and the tangent methods, 100-foot radius, the difference in tlie two 
results not to exceed 2 minutes. If the angle is near 90 degrees, the tangent 
method may be applied to the bisected angle. (2) After securing a satis- 
factory check on an angle with the steel tape, make a rapid but carefid 
measurement with the metallic tape, radius 50 feet. The results may be 
taken to the nearest half minute. (3) Measure at least one angle, preferably 
on smooth ground, by laying out an arc with a radius of 57.3 feet, setting 
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pins every few feet, and measuring the actual arc. Give close attention to 
alinement throughout- Hecorcl the data and make reductions as in the form. 

Problem All. Survey of Field with Steel Tape 
a. Equipment, — 100-foot steel tape, set of chaining pins, 2 plumb bobs. 
4 flag poles, five-place table of functions in this manual. 

h. Problem. — Make a survey of an assigned field with tape, collecting 
all data required for plotting the field and calculating its area by the “per- 
pendicular,” “three-side” and “angle” methods. 

c. Methods. — (1) Standardize the tape once. (2) Examine the field 
carefully and plan the survey. (3) Measure the required angles with tape. 
(4) Locate the perpendiculars. (5) Chain all necessary lines, and also take 
distances to the feet of perpendiculars. Follow the form. 


Problem A12. Area of Field by Perpendicular Method 
a. Equipment, — Five-place logarithms in this manual. 
h. Problem. — Calculate the area of the assigned field by the perpendiculai 
method, using the data collected in All. 
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c. Methods. — (1) Prepare the form for calculations; transcribe the data, 
and carefully verify the transcript. (2) Calculate double areas of the several 
triangles by contracted multiplication, perpendicular method, preserving a 
consistent degree of precision. (3) Make the same calculations with 
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logarithms, as a check» (4) Combine the verified results, as sliown in the 
form. 


Problem A13o Area of Field by Three -side Method 

a. Equipment. — Five-place logarithms in this manual. 

Problem . — Calculate the area of the assigned field by the three-side 
method, using the data collected in All, 
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c. Methods. — (1) Prepare the form for calculation; transcribe the data, 
and carefully verify the transcript. (2) Calculate the areas of the several 
triangles by logarithms, three-side method, preserving tho proper units in 
the results. (3) Carefully review the calculations, and combine the verified 
results, as in the form. 


Problem A14. Area of Field by Angle Method 
.a. Equipnient. — Five-place logarithms in this manual. 

6. Problem . — Calculate the area of the assigned field by tho ‘'two sides 
and included angle” method, using the data collected in All. 

c. Methods. — (1) Prepare the. form, transcribe the data, and verify the 
copy. (2) Calculate the double areas of the several triangles by contracted 
multiplication, angle method, preserving consistent accuracy in the results. 
(3) Make the same calculations by logarithms, as a check. (4) Combine the 
checked results. Follow the form. ■ 
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Problem A16. Area of Field from Plat. 

a. Equipment. — Drafting instruments, paper, etc,, planimeter (as 
assigned). 

h. Problem. — Determine the area of the assigned field directly from the 
plat. 

c. Methods. — (1) Make an accurate plat of the field from the notes . 
secured in All, using a prescribed scale. (2) Determine the area of the 
field by resolving the polygon into an equivalent triangle. (3) Determine 
the area from the plat by the polar planimeter and by one of the following 
‘^home-made” planimeters: ^‘bird-shot” planimeter, “jack-knife” planim- 
eter, cross-section paper, parallel strip, weighing, etc. (4) Prepare on the 
plat a tabulated comparison of the results secured by the several methods. 
(5) Finish the plat, as required. 


Problem A16. Survey of Field with Curved Boundary 

а. Equipment. — 100-foot tape, 50-foot metallic tape, set of chaining pins, 
2 plumb bobs, 4 flag poles. 

б. Problem. — Make a survey with tape of an assigned tract having a 
curved boundary, collecting all data required for plotting the field and 
calculating its area. 

c. Methods. — (1) Standardize the tape once to the nearest 0.01 foot. 

(2) Examine the tract carefully and plan the survey so as to secure a simple 
layout of base lines designed to give short offsets to the curved boundaries. 

(3) Locate the perpendiculars, if any, and chain all lines; on the curved sides, 
take offsets so as to secure a definite location, and as a rule take equal 
intervals on the same line. Follow the form. 

Problem A17. Area of Field with Curved Boundary 

a. Equipment. — (No instrumental equipment required.) 

b. Problem. — Calculate the area of the assigned field with curved boundary 
by “Simpson’s one-third rule,” using the data collected in Problem A16. 

c. Methods. — (1) Prepare the form for calculation; transcribe the data in 
convenient form for calculation, and carefully check the copy. (2) Calculate 
the area of the polygon formed by the base lines, preferably by the perpendic- 
ular method. (3) Calculate the areas of the curved figures by “Simpson’s 
one-third rule,” which is as follows: “Divide the base line into an even 
number of equal parts and erect ordinates at the points of division; then add 
together the first and last ordinates, twice the sum of all the other odd 
ordinates, and four times the sum of all the even ordinates; multiply the 
sum by one-third of the common distance between ordinates.” (The field 
notes might have been taken with special reference to the rule, but it is 
better to take b'om the notes the largest even number of equal segments. 
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assuming the remaining portion to be trapezoid or triangle.) (4) Give 
signs to the several results by reference to the field sketch, and combine them 
algebraically to get the net area, as shown in the accompanying form. 


Problem A18. Area of Field with Curved Boundary from Plat 


fl. Equipment . — Drafting instruments, paper, etc., planimeter (as 
assigned). 
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b. Problems . — Determine the area of the field with curved boundiiry 
directly from the plat. 

c. Methods. — (1) Make an accurate plat of the field from the notes 
obtained in A16, using a prescribed scale. (2) Determine its area dirtuitly 
from the plat by the two methods mentioned in (3) of A15, other than those 
used in that problem. (3) Prepare on the plat a tabulated comparison of 
the results by the several methods. (4) Finish the plat, as required. 


Problem A19. Passing an Obstacle with Tape 

а. Equipment. — 100-foot steel tape, set of chaining pins, 2 plum!:) bobs, 4 
flag poles. 

б. Problem . — Prolong an assigned line through an assumed obstacle by 
one method and prove by another, finally checking on a precise point 
previously established. 
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c. Methods. —Given two hubs, A and jB, 20D feet apart, prolong the line 
and establish C 200 feet from B\ (1) by constructing a 200-foot square in one 
direction ; and (2) by laying off a 200-foot equilateral triangle on the opposite 
side, using pins to mark the points thus established, (3) Prolong the line 
by each method to the hub D, 200 feet from C, and record discrepancies in 
the line. (4) Interpolate a point at C on the true line between B and D, and 
note errors of prolongation at C. Record as in the form. 


Problem A20, Obstructed Distance with Tape 


a. Equipment. — 100-foot steel tape, set of chaining pins, 2 plumb bobs, 
4 flag poles. 

h. Determine the distance between two assigned points 

through an assumed obstruction to both vision and measurement, using two 
independent methods, and finally chain the actual distance. 
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c. Methods. — (1) Standardize the tape. (2) Determine the distance 
between the assigned points by constructing a line parallel to the given line, 
and eq\ial or bearing a known relation to it. (3) Secure a second result by 
running a random line from one hub past the other so that a perpendicular 
less than 100 feet long may be let fall, measuring the two sides and calculat- 
ing the hypothenuse, (4) After securing two results differing by not more 
than 1:1 000, chain the actual distance. Follow the form. 
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Problem A21. Running in Curve with Tape 

a. Equipment. — 100-foot steel tape, 50-foot metallic tape, set of chaining 
pins, 2 plumb bobs, 3 hubs, 6 flat stakes, marking crayon, tacks, fivo-place 
table of functions. 

5. Problem. — ^Lay out two lines making an assigned angle with each other, 
and connect them with a prescribed curve by the ‘'chord offset^’ method. 

a Methods. — (1) Calculate the radius, R, for the given degree of curve, D. 
(2) Calculate the tangent distance, T, for the given radius, R, and angle of 
intersection, I. (3) Calculate the chord offset, d, and tangent offset, t, for the 
known radius, R, chord, c and degree, D. (4) At the given point intersection 
(P. I.), A, lay off the given angle, I, by the chord method. (5) From the 
P. I. lay off T along the two tangent lines and locate point tangent (P. T.) 
and point curve (P, C.), setting hubs at P. C. and P, T., with guard stake at 
each hub. (6) Run in the curve, by chord offsets, beginning at P. C. and 
checking at P. T. Calling P. C. Station 0, establish Station 1 by laying off 
tangent offset, t, and chord, c. Having one station on the curve, the next is 
located by prolonging the chord and forming an isosceles triangle having 
the chord offset as a base. Check on the P. T., noting the discrepancy of 
distance and line. Also establish the tangent again by tangent offset and 
observe the error of line. Follow the form. 

Problem A22. Discussion of Errors of Chaining 

а. Equipment. — (No instrumental equipment, unless further data are 
desired, in which case Problems A6, A7 and AS may be assigned again.) 

б. Problem. — Investigate the errors of linear measurement with the 
several kinds of chains and tape, with the view to determine practical work- 
ing tests or coefficients of precision for actual use. 

c. Methods. — Assume that the conditions in Problems A6, A7 and A8 are 
practically constant in the same problem, and that the actual differences 
between observed lengths of the several segments when chained in opposite 
directions, represent the normal errors with the particular chain and chain- 
men; then tabulate: (1) the measured lengths of all possible segments of 
the chaining course, either from direct observation or by subtraction; (2) the 
actual errors or differences between the two results, giving signs; (3) the 
chaining ratios, I : d, and the decimal expressions of the same to six places; 

(4) . the coefficients of precision for each case, calculated by formula; 

(5) the mean decimal chaining ratio and its equivalent; and (6) the mean 
coefficient of precision. Follow the form. 

Problem A23. Testing (or Establishing) an Official Standard of Length 

a. Equipment. Standard tape (with certified length given), turnbuckle 
adjustments with bolts, spring balance, standard steel rule graduated to 0.01 
inch, 2 thermometers, 2 microscopes, strips of wood, a watch. 
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d. Problem . — Make a series of ten observations with a standardized steel 
tape for the purpose of testing (or establishing) an official standard of 
length, observing the nearest 0.0001 foot. (The Bureau of Standards, Wash- 
ington, D. C., will standardize a tape for a small fee.) 

c. Methods . — (If a new official standard is being established, one standard 
mark may be made permanent, and the precise distance taken to an approxi- 
mate temporary point on the other bolt, the exact correction being applied 
after a sufficient number of results have been obtained. If the sun is 
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shining, the tape should be protected by a wooden box or other covering 
throughout its length. Cloudy days or night time give best results. l'’he 
observations should be made briskly so as to have slight range of tempera- 
ture. If isolated standard monuments are used, their foundation should go 
below the frost line, and the monuments should be located so as to suffer as 
little as possible from heaving. If the standard marks are indoors, the 
conditions are less difficult to control.) 

(1)- Arrange ‘‘bucksaw” or turnbuclde adjustments, each held firmly by 
a bolt dropped into a piece of gaspipe driven flush with the surface of the 
ground, with spring balance and tape lined up, as shown in sketch in n.c(‘oni~ 
panying form; place the two thermometers at the one-third points as m\‘i,rly 
as possible under the actual conditions of the tape. (2) With four men la 
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the party, No, 1 sets the end graduation precisely at one standard mark by 
means of screw adjustments and the microscope; No. 2 sets the balance at 
12 pounds; No. 3 observes the fraction at the other standard mark by means 
of a steel scale graduated to 0.01 inch, estimating to the nearest 0.001 inch 
(say 0.0001 foot) by microscope; and No. 4 records all data, observes time 
to the nearest minute, and temperature to the nearest 0.1 degree. Nos. 1, 
2 and 3 should lie flat. Release the tension between observations. Record 
and reduce as in the form. 

Problem A24o Determination of Constants of a Steel Tape 

a, EquipmenL — Steel tape and other articles named in preceding problem. 

5. Problem.— Determine the coefficients of expansion and the stretch of 
the assigned tape. 

c. Methods. — (See Problem E9.) 

Problem A26. Making a Standard Wire Tape 

a. Equipment. — Spring balance, thermometer, etc,, as in A23, and a piece 
of piano or other suitable steel wire. 

6. Problem. — Make a 100-foot or other standard tape by graduating the 
wire with reference to the official standard. 

c. Methods. — (To be devised by the student.) 

Problem A26, Comparison of Different Makes and Types of Chains and 

Tapes 

a. Equipment. — Department equipment and collection of catalogues of 
representative instrument makers. 

b. Problem. — Make a critical comparison of the several types of chains and 
tapes made by different makers. 

c. Methods. Stud-Y the different catalogues and prepare a systematic and 
concise report. 



CHAPTER Hi 


THE COMPASS 

Descriptioiio — The magnetic compass consists of a line of sight 
attached to a graduated circular box, at the center of which is a magnetic 
needle supported on a steel pivot. The compass box is attached to a 
tripod or Jacob staff by a ball and socket joint, and is leveled by means 



Fig. 10. — Types of magnetic compasses. 


of the plate levels. The needle should be strongly magnetized and have 
an agate cap to receive the point of the hardened steel pivot. The dip 
of the needle is counterbalanced by a small coil of wire, which can be 
shifted as desired. The E and TP points are reversed. 

In Fig. 10 are shown the usual types of magnetic compasses: (a) the 
vernier compass; (b) the plain compass; (c) the vernier pocket compass 
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with folding sights; (d) the ordinary pocket compass; (e) the prismatic 
compass. 

Declination of the Keedle. — If the needle is allowed to swing freely, 
its magnetic axis will come to rest in the magnetic meridian. The 
horizontal angle between the magnetic meridian and the true meridian 


Declinab'on 



Magnetic Declination In United States. 



at any point is called the magnetic declination for that point. Imaginary 
lines joining points on the earth’s surface having the same declination 
are called isogonic lines. The isogonic line joining the points of zero 
declination is called the agonic line, Tig. 12 is an isogonic chart of the 
United States. Of the three agonic lines on the earth’s surface, one 
passes through Michigan, Ohio, etc. 
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(For additional data see bulletin of Department of Commerce, U. S. 
Coast and Geodetic Survey, entitled “Principal Facts of -the Earth’s 
Magnetism.”) 



Vaiiation of the Declination. — The declination of the needle is not a 
constant at any place. The change or fluctuation is called the variation 
of the declination. The variations of the magnetic needle are of several 
kinds: secular, daily, annual, lunar, and irregular variations due to 
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magnetic storms. The most important of these is the secular variation 
which is illustrated in the upper diagram of Fig. 11 for a series of repre- 
sentative points in the United States. This diagram shows that the 
extreme range or swing of the needle is roughly 6 or 7 degrees, and that 
the period of time between extreme positions is about a century and a 
half; also that the wave of magnetic influence progresses across the 
continent alike in successive cycles. In 1900 the needle was at its 
extreme western position at Eastport, Me., and at its extreme eastern 
position at San Diego, Cal. The 3 degrees east isogonic line passed 
through western Indiana, and was moving westward at the rate of 
about 4 minutes per year. This rate of change was general throughout 
the central part of the United States, and is represented by the straight 
sections of the curve in the upper diagram of Fig. 11. 

The daily variation of the magnetic declination is shown graphically 
in the lower part of Fig. 11, the scale being greatly magnified laterally. 
It is seen that the needle undergoes each day a vibration similar in a 
general way to the grand swing of three centuries or so shown in the 
upper diagram. The magnitude of the daily movement in northern 
United States ranges from 5 minutes in winter to nearly 12 minutes 
in summertime. The needle is in its mean daily position between 10 
and 11 A. M. for all seasons. The diagram represents the normal 
magnetic day, of which there are perhaps five or six per month. 

Local Attraction. — The pointing of the needle is affected by the 
close proximity of magnetic substances, such as iron ore, wire fences 
and railroad rails. However, local attraction does not prevent correct 
work, provided back and fore sights are taken without change of 
magnetic conditions. It is therefore especially important to avoid 
disturbances of the needle by the chain, axe, passing vehicles, elec- 
tric wires, etc., or by articles on the person of the observer, such as 
keys, knife, spectacle frame, wire in the hat rim or reading glass case. 
Also the glass cover may become electrified by friction and attract the 
needle, in which case it may be discharged with the moistened finger, 
or by breathing on it. 

The Vernier.~The vernier is an auxiliary scale used to read frac- 
tional parts of the divisions of the main scale or limb. Verniers are 
retrograde or direct, according as the divisions on the vernier are 
larger or smaller than those on the limb. The vernier used on compasses 
for the setting off of the declination is direct, and is usually of the type 
shown in (c) of Fig. 13. In reading a vernier of any kind, blunders may 
be avoided by first estimating the fraction by eye before noting the 
matched lines on the two scales. 
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Fig- 13 . 


USE OF THE COMPASS 

Use. — The compass is used: (1) to determine the bearings of lines; 
(2) to measure the angle formed by two lines; (3) to retrace old lines. 
The bearing of a Hne is the horizontal angle between the line and a 
meridian through one end of it. Bearings are measured from the 
north or south point 90 degrees each way. The angle between two 
lines is the difference in their directions as indicated the bearings. 
Having the true bearings of one side of a polygon, the true bearings of the 
others may be obtained by algebraic addition of the angles; or by 
using the declination vernier so as to read the true bearing direct on 
the fore sights. 

Practical Hints. — Point the north end of the compass box along the 
line and read the north end of the needle. Protect the pivot from 
needless wear by turning the needle in about the proper direction 
before releasing it. Always lift the needle before disturbing the com- 
pass. Habitually obtain duplicate needle readings on each sighting. 
Read the needle by estimation to the nearest 5 minutes, that is, 
to the one-sixth part of M degree, which is the usual subdivision of 
the compass box. Care should be taken to avoid parallax in reading 
the needle. 


ADJUSTMENTS AND TESTS 

Elementary Lines. — The elementary lines of the compass, shown in 
(a) of Fig. 10, are: (1) the line of sight; (2) the vertical axis; (3) the 
plate-level lines. 
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The maker should see: (1) that the needle is strongly magnetized; 
(2) that the magnetic axis corresponds with the line joining the two 
ends; (3) that the metal in the compass box is nonmagnetic; (4) that 
the line of sights passes through the center of graduation; (5) that the 
plates are perpendicular to the vertical axis; (6) that the zero of the 
vernier coincides with the line of sights. 

The needle may be magnetized with a bar magnet or by putting it 
into the magnetic field of a dynamo. The metal of the compass 
box may be tested by reading the needle, then moving the vernier and 
noting if the needle has moved the same amount, this process being 
repeated at intervals around the full circle. 

• The Principle of Reversion. — In adjusting surveying instruments, 
the presence, direction and amount of the error are made evident 
by the method of reversions which doubles the apparent error. If 
there is no difference after reversion, there is no error. 

Plate Levels. — To make the playie of the plate-level lines perpendicular 
to the vertical axis. Level up the instrument by means of the plate levels 
and reverse the compass box in azimuth, that is, turn it through a 
horizontal angle of 180 degrees. Correct one-half the error, if any, 
by means of the adj usting screws at the end of the level tube, and bring 
the bubble to the center by the ball and socket joint. The reasons 
for this process are shown in (a) of Fig. 13. 

Sights. — To make the plane of sights normal to the plane of the plate- 
level lines. With one sight removed and the instrument leveled, range 
in with the remaining sight two points as far apart vertically as 
possible, say on the side of a ljuilding. Reverse in azimuth and bring 
the bottom of the sight in range with the lower point ; if the upper point 
is then in range, the sight i,s in adjustment. If not, correct one-half 
the error by putting paper under one side, or by filing off the other side. 
Repeat the process for the other sight. 

The Pivot. — To adjust the pivot to the center of the graduated circle. 
Set the south end of the needle to read zero, and read the north end of 
the needle; reverse the compass box in azimuth, repeat the observations, 
and correct one-half the difference between the two readings of the 
north end of the needle by bending the pivot, using the special wrench 
for the purpose. Turn the compass box 90 degrees and repeat. See 
(6), Fig. 13. ■ ^ 

The Needle. — To straighten the needle. Having adjusted the pivot, 
set the north end of the needle to read zero and bend the needle so 
that the south end reads zero also. Turn the compass box and test, 
for other graduations. 
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PROBLEMS WITH THE COMPASS 

Problem Bl. Declination of the Magnetic Needle 

a. Equipment. — Surveyors’ compass, flag pole, reading glass. 
ho Problem . — At a point on the true meridian determine the mean mag- 
netic declination with the surveyors’ compass. 

c. Methods. — (1) Set the compass over one point and a flag pole at 
another on the true meridian. (2) Lower the needle and sight at the flag 
pole carefully with the north end of the compass box to the front. (3) 
When the vibrations of the needle have ceased, move the vernier by means 


NS 

/ 

3 

4 
3 
0 

7 

8 
3 
W 


Decli 

Needle 

Reading] 

rf-3'’30P 

f/3^J3B 

//3"33'B 


\m^3YB\ 




Asst//7?h 
djf/0/js 
tAe cerr 
Ay B fay J 
3 jnfni/j' 
fAe mehi 
mosf jpi 
uaf/e/? 
me/iA- 


Mean 


\are /icl 
'ecfulp/f 
\re/n of 
\es IVes 

'pAaA/e 
\For fA/s 


OF 

Time 

P-M- 

Z:// 

Z:JS 

Z:Z2 

Z:Z7 

Z:3J 

Zi35 

Z.'4Z 

Z:4S 

Z:34 


iflEEDL; 

Mean 

P-M= 


''ms/ 
for c73){j 
' Pa/fy 
■/y w/jfcA 
fS'izk 
\ya/c/e c>\ 
parf-/^ 


Z-2iZ 


\ipaef-/c 
ir AAa 
Ty van 
^rfat/oA 
afde(f\ 
f-aa ^ 
ftAe 
\c/Iar jA 


Vay^ 

fs 

\f<? 

‘■Aa 

^fri/- 


WITH SURVEYOI^ 
Oef/Z, '3/Yz^oaraJ 
T/sef far/ay Co/npa 
recea/Jy rc/nayaa} i. 
Sef empass or frae 
J/aaf/oa vera/ers 
S/pA8?cf a f f/ap po/e 
a d/afaace of ZOc 
aeed/e Ay esf/a? 
Cone s/rfA parf 
carefa//y avoff/A 
mapnef/o c7/sfarAhj 
t/me fo nearesf 
P/afarAa<f aeef/e 
'pjvofaacf ver/fi 
v/Aan osc/J/af/ap!. 
re read tAe aeec 
Coaf/aoect the proc^ 
vf/ve reac/fapa^ 
raape of not 
uteSf ivere 


oAfAj 


s Compass* 

\7/ear an (t fan/- 
//szg.f//eed7e 
aact tVatcA- 
a?er/(t/aa vv/fA e/ec'" 
ef to react zero • 
set on arer/ct/an at 
tft-^ aact react 
' 9t/oj7 to £ m/aufes 
‘ on e-Aa/f efepreej^ 
^ paral/ajc anct 
wees • CAservect 
m/nnte • 

^y J/ft/ap ft from 
ect sjpA f zap/ fAetA 
Aact ceaaeat 


?as uatjV ten consec- 
^av/np a majc/mt/m 
or& than ten 
fneet’ 


of the tangent screw so that the north end of the needle reads zero, and check 
the sighting of the compass. (4) Read the declination on the vernier to the 
nearest minute. (5) Lift the needle, verify the zero needle reading and the 
sighting, read the vernier and record; repeat the process until ten satisfaci- 
tory consecutive values of the declination are obtained. Observe the time 
of each reading to the nearest minute. (6) Correct the mean of the ten 
values for daily variation by reference to the diagram, Fig. 11, using the 
mean time. Record and reduce the data as in the form. (Note that the 
values in the form were obtained by estimating the nearest 5 minutes. 
Which is better? Try both if time allows.) 
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Problem B2. Angles of Triangle with Compass 

a, Eqaip^nent. — Surve^^ors’ compass, 2 flag poles, reading glass. 

h. Problem . — Measure the angles of a given triangle with the surveyors’ 
compass. 

c. Methods. — (1) Set the compass over one of the vertices of the triangle 
and a flag pole behind each of the two others. (2) Lower the needle and 
sight at one of the flag poles carefully'',- with the north end of the box to the 
front. (3) When the vibrations have ceased, read the north end of the 
needle to the nearest 5 minutes by estimation. (4) Lift the needle, verify 
the sighting and also the reading. (5) Turn the compass box to the other 
point and determine the bearing, as before. The required angle ' is the 
difference between the two bearings. (6) Measure the two other angles in 
lilce manner. The error of closure must not exceed 5 minutes. Follow the 
form. 



Problem B3. Traverse of Field with Compass 

a. Equipment. — Surveyors’ compass, 2 flag poles, engineers’ chain, set of 
chaining pins. 

h. Problem . — Determine the bearings of the sides of an assigned field with 
the surveyors’ compass and measurp the lerigths of the sides with an engi- 
neers’ chain. 
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c. Methods. — (1) Set the compass over one of the corners of the field 
which is free from local attraction, and set off the declination with the 
vernier. (2) Take back sight on the last point to the left and fore sight to 
the next point to the right, following the methods used in Problem B2. 
(3) Repeat this process for the remaining corners of the polygon taken in 
succession to the right. (4) Chain the sides of the field to the nearest 0.1 
foot by estimation. (5) Compare the chain with standard. (6) From the 
observed bearings compute the interior angles of the field, and the true 
bearings of the sides. The angular error of closure must not exceed 10 
minutes for a five-sided field. Record and reduce the data as in the form. 
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Problem B4. Area of Field with Compass 
a. Equipment. — Five-place logarithms. 

h. Problem . — Compute the area, of the assigned field by means of latitudes 
and departures. 

c. Methods. — (1) Prepare forms for calculations; transcribe data, and 
carefully verify copy. (2) Compute latitudes and departures by contracted 
multiplication, preserving results to the nearest 0.1 foot. (3) Make the 
same calculations by logarithms, as a check. (4) Determine the actual 
linear error of closure. (5) Determine the permissible error of closure (see 
Chapter IX, Errors of Surveyiiig). (6) If consistent, distribute the errors in 
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proportion to the several latitudes and departures, respectively, repeating 
the additions as a check. (7) Transcribe the field notes and adjusted lati- 
tudes and departures, and verify the transcript. (8) Calculate the meridian 
distances of the several stations and lines. (9) Calculate the latitude 
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coordinates. (10) Calculate the partial trapezoidal areas by multiplying 
the meridian distances of the lines by the respective latitudes, preserving 
consistent accuracy, and observing algebraic signs. (11) Determine the 
area by taking the algebraic sum of the partial areas. Reduce to acres, and 
correct for standard. Follow the form. (12) Make a plat of the field, 
using the total rectangular coordinates, and checking by a polar planimeter. 
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Problem B5. Adjustment of the Compass 

a. Equipment. — Surveyors’ compass, adjusting pin, small screw driver. 

h. Problem. — Make the necessary tests and adjustments of the surveyors’ 
compass. 

c. Methods. — Observe the following program: (1) test the magnetism of 
the needle; (2) test the metal of the compass box; (3) test and adjust the 
plate levels; (4) test the sights; (5) test the pivot; (6) test the needle. 

Problem B6. Comparison of Different Makes and Types of Compasses 

a. Equipment. — Department equipment, catalogues of representative 
makers of compasses, 

h. Problem. — Make a critical comparison of the several types of compasses. 

c. Methods.- — Examine the department equipment and study the several 
catalogues carefully, noting the characteristic features, prices, etc. The 
following items, at least, should be included in the tabulated report: name 
of instrument, length of needle, length of alidade, vernier, tripod, weight, 
price, etc. 



CHAPTER IV 


THE LEVEL 

Description. — The engineers’ level consists of a line of sight attached 
to a bubble vial and a vertical axis. Two types of level, the wye and 
dumpy, Fig. 14, are used by engineers. In the former the telescope 
rests in Y-shaped supports, from which it may be removed. In the 
dumpy level the telescope is fixed. The dumpy is a favorite with 
British and the wye level with American engineers. (The dumpy level 
with erecting eyepiece was adopted as standard by the Division of 
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Valuation, Interstate Commerce Commission.) The two types differ 
chiefly in the methods of adjustment. A third type, not shown in the 
cuts, is called the level of precision because of its use solely for work of 
extreme refinement. 

In Fig. 15 are shown: (a) an architects' or builders' level of the wye 
type; (5) a road-builders' level of the dumpy type; (c) a reconnaissance 
level with a decimal scale for reading horizontal distances direct; (d) a 
water level sometimes used in locating contours; (e) a Locke hand level; 
(/) a clinometer; (g) a dinocular hand level. 

THE TELESCOPE 

Principles. — ^The telescope used in the engineers' level and transit, 
shown in section in Figs. 13 and 22, consists of an objective or object glass 
which collects the light and forms an image in the plane of the cross- 
hairs, and an ocular or eyepiece which magnifies the image and cross- 
hairs. The cross-hairs are thus at the common focus of the objective 
and eyepiece. The principle of this type of telescope, both optically 
and mechanically, may be illustrated by the photographic camera if 
cross lines bo ruled on the ground glass focusing plate and a microscope 
be used in viewing the image formed by the lens. Telescopes of the 
above class are called measuring telescopes, while those of the opera-glass 
type are termed seeing telescopes. The latter have no real image formed 
between the object glass and eyepiece. 

Line of CoUimation. — The telescope of the level or transit may be 
represented by a line, called the line of collimation, which joins the optical 
center of the objective and the intersection of the cross-hairs. The 
optical center is a point such that a ray of light passing through it 
emerges from the lens parallel to its original direction. The line of colli- 
mation is independent of the eyepiece. 

Objective. — The objective is a double convex or plano-convex lens. 
In all good telescopes the objective is compound, that is, made up of two 
lenses, with the view to correct two serious optical defects to which a 
simple lens is subject. These defects are called chromatic aberration and 
spherical aberration. 

Chromatic aberration is the separation, by the objective, of white light 
into its component colors. A lens which is free from this defect is 
called achromatic. A telescope is tested for the chromatic defect by 
focusing on a bright object, such as a piece of paper with the sun shining 
on it, and noting the colors on the edge of the object and especially at 
the edge of the field of view as the focus is slightly deranged. Yellow 
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and purple are the characteristic colors indicating good qualities in the 
lens. 

Spherical aberration is a defect which prevails to a serious extent in a 
simple lens having spherical surfaces. It is due to a difference in the 
focal distance for different concentric or annular si^aces of the objective, 
so that the plane of focus for rays passing through the outer edges of the 
lens is different from that of the middle portion. A telescope is tested 
for this defect by focusing on a well-defined object, such as a printed 
page, with the rays of light cut off alternately from the middle and the 
edge of the lens. This is best done by means of a circular piece of paper 
with a small round hole in it. 

As a rule, the object glass in good levels and transits consists of a 
double convex lens of crown glass fitted to a concavo-convex or a 
plano-concave lens of flint glass, the former to the front. The defects 
described above are avoided through the different dispersive and refrac- 
tive powers of the two kinds of glass, and by grinding the surfaces of the 
two lenses to the proper curvatures. 

Eyepiece. — ^As in the camera, the image formed by the objective is 
inverted, so that if a simple microscope is used as an eyepiece, the 
observer sees objects inverted. Such an eyepiece is commonly used on 
the dumpy level, as shown in Fig. 14. This form of eyepiece consists of 
two plano-convex lenses with their convex sides facing each other. The 
form of eyepiece most used in American instruments is the erecting eye- 
piece in which two plano-convex lenses replace each of the two in 
the simpler form. The erecting eyepiece is much longer than the 
simple one, as may be seen at a glance in Fig. 14. While the simple 
eyepiece causes a little confusion at first, owing to the inversion of 
objects, it is much superior to the erecting eyepiece in the matter of 
clearness and illumination. 

The chief inherent defect in the eyepiece is a lack of flatness of the 
field. A single lens usually causes a distortion or curving of straight 
lines in the image, especially toward the edge of the field. A telescope 
is tested for this defect by observing a series of parallel right lines, 
preferably a series of concentric squares, which fill the entire field of 
view. 

In the best achromatic eyepieces, one or more of the separate lenses 
may be compounded, the curvatures being such as to eliminate the 
color defect and give rectilinear qualities to the lens or combination of 
lenses. 

Definition. — The definition of a telescope depends upon the finish and 
also the accuracy of the grinding of the curved surfaces of the lenses. 
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It may be tested by reading the time on a watch or a finely printed page 
at some distance from the instrument. 

lUtiinination. — Illumination and definition are apt to be confused. 
Poor definition causes indefinite details, while poor illumination causes 
faintness in the image. The latter may be tested about dusk, or in a 
room which can be gradually darkened, and can be best appreciated if 
two telescopes of different illuminating qualities are compared. 

Aperture of Objective. — The aperture or effective diameter of the 
objective is determined by moving the end of a pencil slowly into the 
field and noting the point where it first appears to the eye when held say 
8 or 10 inches back from the eyepiece. The process should be repeated 
in the reverse order. The annular space is deducted from the actual 
diameter to obtain the real aperture. 

Size of Field. — The field of the telescope is determined by noting the 
angle between the extreme rays of light which enter the effective aper- 
ture of the objective. With the transit telescope, the limiting points 
may be marked on the side of a building and the angle measured directly 
with the plates; or with either level or transit the angle may be calcu- 
lated from the measured spread in a given distance. For simplicity, a 
distance of 57.3 feet may be taken, and the result reduced to minutes. 

Magnifying Power. — The magnifying power of a telescope is expressed 
in diameters, or as the multiplication of linear dimension. It is deter- 
mined most readily by making an observation with both eyes open, one 
looking through the telescope and the other by natural vision. The com- 
parison may be made by means of a leveling rod, or the courses of brick 
or weather-boarding on the side of a house may be used in like manner. 

Parallax. — Parallax is the apparent movement of the cross-hairs on 
the object with a slight movement of the eye, and is due to imperfect 
focusing of the eyepiece on the cross-hairs before focusing the objective. 
The eyepiece should be focused with the eye normal, the cross-hairs being 
illuminated by holding the notebook page or other white object a few 
inches in front of the objective. 

Cross-hairs. — The cross-hairs are attached to a ring or reticule which 
is held by two pairs of capstan-headed screws. The cross-hairs were 
formerly made of sj^ider webs but are now made of filaments of platinum. 
They rarely break under service unless unequal pressure is placed on 
the adjusting screws. If the cross-hairs are broken they may be 
replaced in the field or office with spider webs. To remove the reticule 
the eyepiece is taken out, one pair of screws is removed and a sharpened 
stick is inserted in a screw hole. The best spider lines are obtained from 
the spider’s egg nest. ■ ' ■ ’• ■ ^ ^ \ 
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In Fig. 17, (a) shows the usual arrangement of the cross-hair ring and 
the method of attaching the hairs; (6) shows the number and positions 
of hairs used, (1) being the most common, (2) the form for stadia work 
with the transit and also for estimating the lengths of sights with the 
level, (3) a form used by some makers with the level and (4) a style 
found in English levels; (c) shows the egg pod or case of the large brown 
spider (about half size) w^hich jdelds the best lines for engineering instru- 
ments; (d) illustrates a convenient vest pocket outfit for replacing 
cross-hairs in the field, consisting of a supply of spider lines and some 
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adhesive paper (bank-note-repair paper) each in a capsule or tin tube, 
and several sharpened sticks for stretching the hairs. Cross-hairs 
stretched in this manner may last indefinitely, or they may be fastened 
on permanently with shellac at the first opportunity. 

THE BUBBLE VIAL 

Principle. — The spirit level consists of a sealed glass tube nearly filled 
with ether or other hquid, and bent or ground so that the action of 
gravity on the liquid may indicate a level line by means of the bubble. 
The delicacy of the bubble depends upon the radius of the curvature in a 
vertical plane, the greater the radius the more delicate the level. Thus, 
for example, a perfectly straight tube could not be used as a level. 

Curvature of Bubble Vials. — Good bubble vials are now made by 
grinding or polishing the interior surface of a selected glass tube by 
revolution, as indicated in exaggerated form at (a), Fig. 18. As a 
general rule, only one side of the vial is actually used, it being customary 
to encase it in a brass tube having a slot or race on one side. However, 
both sides of the vial may be utilized, as in (b) and (c), Fig. 18, which 
show the reversion level adapted to the transit and wye level, respec- 
tively. Bubble vials of several sizes are shown in (d). Fig, 18. It was 
formerly customary to grind out only a portion of the upper side of the 
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glass tube, as shown at (e). The cheap vial, consisting merely of a 
bent tube, used mostly in carpenters' and masons’ levels, is shown at (/) ; 
and a method of increasing the precision of the bent tube by tilting it is 
indicated at (g), Fig. 18. 



Delicacy- — The delicacy of the bubble vial is designated either by 
the radius, usually in feet, or by the central angle in seconds corre- 
sponding to one division or 1 inch of the bubble scale. Two methods 
are employed to determine the delicacy of level vials: (1) the optical 
method, as at (h), Fig. IS, where the radius is calculated from an 
observed target movement at a given distance for an observed bubble 
movement, the two triangles being similar; and (2) the level tester, 
as at (^), by means of which the angular movement is read from the 
micrometer head for a given movement of the bubble. The engineer 
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usually employs the radial designation, while the maker expresses the 
delicacy in angular units. As shown at (A) and {i), Fig. 18, the radius 
in feet is equal to 17,189 divided by seconds per inch of bubble. 

Bubble Line. — The relations of the bubble to the other parts of the 
instrument are best understood by representing the vial by a line. 
This line either may be the axis of the surface of revolution in (a), 
Fig. 18, or, to provide for either of the three forms of vial shown, may 
be taken as the tangent line at the middle or top point. This tangent 
line mil be meant hereafter in referring to the bubble line. 

LEVELING RODS 

T3rpes. — There are two classes or types of leveling rods: (1) target 
having a sliding target which is brought into the line of sight by 



Pig. 19. — ^Leveling rods and bench marks. 


signals from the leveler; and (2) self-reading or speaking rods which 
are read directly by the leveler. 
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In Fig. 19, {a) is the Philadelphia rod, {h) the New York rod and 
(c) the Boston rod. The first is either a target or a self-reading rod; 
the second is a target rod, but may be read from the instrument when 
the rod is “short’’; the Boston rod is strictly a target rod. The Phila- 
delphia rod is perhaps the favorite for most purposes, and the Boston 
rod is used least. A folding self-reading rod is shown at (d), Fig. 19; 
(e) is a woven pocket device which may be tacked to a strip of wood and 
used as a leveling rod; (/) is a railroad contouring rod with an adjustable 
base; {g) is a plain rod graduated to feet, for use with the water level. 

Targets. — The targets shown on the Philadelphia and New York rods, 
(a) and (5), Fig. 19, are called quadrant targets. That on the Boston 
rod, (c), is a modified form of the diamond target. A special form, called 
the corner target, is bent to fit two sides of the rod to assist in plumbing 
it, and another target has two parallel planes for the same purpose. 
A detachable rod level is shown at (Ji). The target on rod (5), with 
the zero of the vernier 0.09 foot below the center of the target, frequently 
causes blunders. 


USE OF THE LEVEL 

Use. — The engineers’ level is used: (1) to determine differences of 
elevation; (2) to make profile surveys; (3) to locate contours; (4) to 
establish grade lines; (5) to cross section; (6) to run lines. 

Differential Leveling. — Differential leveling consists of finding the 
difference of elevation between two or more points. In the simplest 
case the difference of elevation between two points may be found from a 
single setting of the level, the leveling rod being used to determine the 
vertical distance from the plane of the instrument to each of the two 
points, and the difference between the rod readings taken. When the 
distance between the two points is too great, either vertically or horizon- 
tally, or both, to admit of this simple process, two or more settings of 
the level are taken so as to secure a connected series of rod readings, 
the algebraic sum of which gives the desired difference of elevation. 
This difference may be expressed either liy the numerical result of the 
algebraic sum of the rod readings, or by assuming an elevation for the 
beginning point and calculating the elevation of the closing point by 
means of the observed rod readings. 

A hack sight is a rod reading taken to determine the height of the 
instrument. A fore sight is a rod reading taken to determine the height 
of a point. A bench mark is a point selected or established for perman&id 
reference in leveling operations. A turning point is a, temporary reference 
point used in moving the instrument ahead to a - new setting. The 
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same point is often both a turning point and a bench mark. The 
datum is the plane or surface of reference from which the elevations are 
reckoned; it may be sea level, or an arbitrary local datum. A level line 
is a line parallel to the surface of a smooth body of water. A horizontal 
line is tangent to a level line at any point. The curvature varies as 
the square of the distance from the point of tangency, and is 0.001 foot 
in 204 feet, or 8 inches in 1 mile. 

In Fig. 19, (f) shows a metal and also a wooden peg commonly used 
for turning points. Several forms of bench marks are shown in Fig. 19; 
(j) is a mark on the corner of a stone water table; (k), a rivet leaded into 
a hole drilled in a stone slab; (Q, a railroad spike driven into a wooden 
post or telegraph pole; (m), a projection cut on the root of a tree, 
preferably with a spike driven vertically into the top of the bench, 
and usually with a blaze above marked “B. M. No. — All bench 
marks and turning points should be clearly described in the notes. 

Figure 19a shows the essential details of differential leveling. In 
practice the calculations are made mentally. 
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Fig. 19a. — Details of differential leveling. 


Two chief essentials in correct differential leveling are: (1) that the 
bubble he in exactly the same position (usually the middle) on both back 
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and fore sight; and (2) that the length of hack sight and fore sight, horizon- 
tally, shall he balanced. It is seen at (e), Fig. 16, that with the bubble 
always in the middle, the line of collimation generates a horizontal 'plane 
when in perfect adjustment, but a cone with axis vertical when out of 
adjustment; so that in taking equal distances in the opposite directions 
the base of the cone is used, this base being parallel to the true coUima- 
tion plane. In the best leveling practice the instrument is adjusted as 
perfectly as possible and then used so that the residual errors balance 
each other. 

The three common styles of leveling rods may be read to 0.001 foot 
by vernier or, by estimation on a scale to 0.005 foot. However, for most 
kinds of leveling, it is an absurd refinement to read the rod closer than 
0.01 foot, especially with the usual maximum length of sight of 350 to 
400 feet, and with the more or less sluggish bubbles supplied in the 
general run of leveling instruments. Furthermore, the horizontal 
hair usually covers 0.01 foot or so of the target at the maximum length 
of sight, that is, the target can movQ that amount without being 
noticed by the observer. 

Profile Leveling. — Profile leveling consists of finding the relative 
elevations of a series of representative points along a surveyed line, for 
the purpose of constructing a profile or vertical section. The skeleton 
of profile leveling, that is, the precise bench marks and turning points 
with the successive heights of instrument, is identical with differential 
leveling, already described. Having determined the height of instru- 
ment by taking a back sight on a bench mark of known or assumed 
elevation, rod readings are taken at proper intervals along the measured 
and staked line. These readings are fore sights, but they are usually 
termed intermediate sights to distinguish them from the more precise 
rod rea-dings taken on turning points and bench marks. On railroad 
surveys intermediate sights are taken usually to the nearest 0.1 foot on 
the ground; but in other cases, such as tile and sewer surveys, inter- 
mediates are often read to the nearest 0.01 foot on small pegs driven 
beside the station stakes flush with the surface of the ground. In 
railroad work, the benches, turning points and intermediates of special 
importance are commonly read to 0.01 foot, although some engineers 
persist in the questionable practice of taking the nearest 0.001. In 
drainage surveys the nearest 0.01 foot is usually taken on bench marks, 
although more carefully than on the intermediate peg points, and the 
nearest 0.1 foot is read on ground points. 

The errors of profile leveling are balanced on turning points by equal 
back and fore sights, as in differential leveling. If the instrument is 
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seriously out of adjustment, an error is made in the case ol odd bench 
marks with unbalanced sights, and also on all intermediate sights. 
However, the error is usuallj^ unimportant when ground readings are 
taken to the nearest 0.1 foot. In important leveling, such as canal 
and drainage ■work, it is customary to run a line of check levels to 
prove benches, before construction begins. 

The profile is plotted to an exaggerated scale vertically on a special 
paper called profile paper. Three kinds, known as plates A, B and C, 
are in general use. The most common is plate A, which is ruled in 
}: 4 -inch squares with a further subdivision to Ho inch vertically. In 
railroad profiles the scales most used are 400 feet to the incl:^ horizontally 
and 20 feet vertically. A still greater exaggeration is generally used in 
drainage profiles. 

For the details of the organization of a level party on a railway survey, 
see Chapter YIII, Railroad Surveying. 

Reciprocal Leveling. — The application of differential leveling to the 
determination of the difference of elevation between two bench marks 
separated by a wdde river or gorge is termed reciprocal leveling. A 
setting of the level is taken on each side of the river, and the mean of 
the two results is taken. The necessary unbalancing of distances in 
one setting is balanced up in the other. Each back or fore sight should 
be the mean of a series of careful observations. In best practice, 
simultaneous readings are taken with two levels. 

Contoxxr Leveling. — Contour leveling is an application of the methods 
of profile leveling to the location of contour lines, that is, lines having 
the same elevation. Two methods are employed: either (1) actually 
establishing points on the adopted contour planes on the ground and 
then locating these points; or (2) taking random elevations at representa- 
tive points and interpolating the contour lines from the plotted data. 
The latter is the more common. The chief purpose of contour leveling 
is to make a , contour map, and the process is essentially a part of 
topographic surveying, where it wall be more fully considered. 

..Grade Lines. — :The establishment of grade lines is usually the 
concluding paH of profile leveling. • After making the profile, the grade 
line is established by stretching a fine. thread through the ruling points,, 
t.aking into account the controlling conditions, such as maximum 
gradient or earthwork quantities on a railroad profile and the carrying 
capacity or the scour in the case of a ditch. After, laying the grade 
line on the profile, notes are made of the data, and the actual grade 
line is established. Tavo methods are used: (1) the height of instrument 
is .detsinimed as usual, .and stakes are. .driven at measured Jntervals 
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with their tops to match calculated rod readings; and (2) a limited 
number of ruling points are established by the first method or otherwise, 
and the remaining stakes are ‘'shot in” by constructing a line parallel 
to the ruling line used. The latter is more rapid, since a constant rod 
reading is used; however, the method is unreliable unless the fore sight 
is checked frequently on a fixed target. 

Cross-sectioning. — Cross-sectioning consists of staking out the limits 
of the transverse section of an excavation or embankment for the pur- 
pose of construction, and usually includes the collection of data for the 
calculation of the quantities. This may be done either with the 
engineers’ level, rod and tape line, or with special rods called cross- 
section rods. The notes are taken as rectangular coordinates, usually 
with reference to the center of the finished roadbed. The slope stakes 
are set where the side slope lines pierce the surface of the ground. 

For the organization of a cross-sectioning party on a railway survey, 
see Chapter VIII, Hailroad Surveying. 

Running Tines. — ^Idnes are sometimes run with the engineers’ level, 
provision being made in most good levels for the attachment of a 
plumb bob. A line may be prolonged by sighting in two points ahead. 
A clamp and tangent movement are necessary. Borne builders’ levels 
have a needle and also a roughly divided horizontal circle for use in 
staking out buildings. 

Practical Hints. — The following practical suggestions apply more or 
less directly to all kinds of leveling, and also in a general sense to transit 
work. 

Speed . — Cultivate the habit of briskness in all the details of the work. 
While undue haste lowers the standard of the results, an effort should 
be made to gain speed steadily without sacrificing precision. Gain time 
for the more important details by moving rapidly from point to point. 
On rapid surveys both leveler and rodman often move in a trot. Neither 
rodman nor leveler should delay the other needlessly. 

Care of Instrmnents . — Do not carry the level on the shoulder in 
climbing fences. Clamp the telescope slightly when it is hanging down 
Keep the tripod legs at the proper tightness, and avoid looseness in the 
tripod, shoes. Avoid undue exposure to the elements, and guard the 
level from injury. Do not leave the instrument standing on the tripod 
in a room over night- 

Setting Up . — In choosing a place to set the level up, consider visibility 
and elevation of back point and probable fore sight. Set up with plates 
about level. On side-hill ground place one leg up hill. In general, 
place , two tripod shoes parallel to the general line of the levels. 
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Leveling Up . — pair of foot screws should be shifted to the general 
direction of the back or fore sight before leveling up. Set the foot 
screws up just to a snug bearing and no tighter. If either pair of 
screws binds/ loosen the other pair a little. The bubble moves with 
the left thumb. Level up more precisely in the direction of the sight 
than transverse to it, but do not neglect the latter. Inspect the bubble 
squarely to avoid parallax, and also to prevent such blunders as reading 
the bubble five spaces off center. 

Observations , — ^Adjust the eyepiece for parallax with the eye 
unstrained. It is much easier on the eye to observe with both eyes open. 
Read at the intersection of the cross-hairs, since the horizontal hair 
may be inclined. Set the target approximately, check the bubble and 
repeat the process several times before approving the sight. Be certain 
that the bubble is exactly in the middle at the instant of approving 
the target. If the level has horizontal stadia lines, beware of reading 
the wrong hair (the reticule may be rotated one-quarter so as to have the 
extra hairs vertical, or a filament may be attached to the middle 
horizontal hair to assist in identifying it). Avoid disturbance of the 
tripod by stepping about the instrument. Assist the rodman in 
plumbing the rod. Let signals be perfectly definite as to both direction 
and amount, using the left hand for “up” and the right for “down,” 
or vice versa. 

The leveler can work much more intelligently if he knows the space 
covered on the rod by one division of the bubble scale at the maximum 
length of sight, and also the space on the rod hidden by the cross-hair. 

Adjustments . — Keep the instrument in good adjustment and then use 
it as though it were out of adjustment. 

Bala?icing Sights . — ^Balance the length of back sight and fore sight, 
and record the approximate distances. The distances in the two direc- 
tions may be made equal roughly by equality of focus, but it is better on 
careful work to pace the distances or determine them by means of the 
stadia lines in the level. If necessary to unbalance the sights, they 
should be balanced up at the first opportunity, and in general they 
should be in balance when closing on important benches. When 
leveling up or down steep slopes, follow a zigzag course to avoid short 
sights. Take no sights longer than 350 or 400 feet. 

Leveling Rod . — The rod should be carefully plumbed, to accomplish 
which the rodman should stand squarely behind the rod and support it 
symmetrically between the tips of the extended fingers of the two hands. 
In precise work wave the rod to and fro toward the observer and take 
the minimum reading of the target. With '' short ” rods avoid the soine- 
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what common blunder of 0.09 foot when the vernier slot is below the 
center of the target. With “long” rods, see that the' target has not 
slipped from its true setting before reading the rod. Head the rod at 
least twice, and avoid blunders of 1 foot, 0.1 foot, etc. Careless rodmen 
sometimes invert the rod. Each rod reading on turning points and bench 
marks should, when practicable, be read independently by both rodman 
and leveler. 

Bench Marks and Turning Points. — Wooden pegs or other substantial 
points should be used to turn the instrument on. Select bench marks 
with reference to ease of identification, the balancing of sights, freedom 
from disturbance, etc. As a rule, each bench mark should be used as a 
turning point so that the final closure of the circuit may prove the 
bench. Mark the benches and turning points and describe them in the 
notes so plainly that a stranger may readily find them. Green rodmen 
sometimes hammer at turning point pegs with the rod. When leveling 
near a still body of water, its surface may be used to save time and 
check the work. 

Record and Calculations. — Describe bench marks and turning points 
clearly. It is good practice to apply algebraic signs to the back and 
fore sight rod readings. The elevations should be calculated as fast as 
the rod readings are taken, and calculations on turning points should 
be made independently by leveler and rodman, and results compared 
at each point. The rodman may keep turning-point notes in the 
form of a single column. The calculations should be further veri- 
fied by adding up the columns of back sights and fore sights for 
each circuit, or page, or day's work, and the algebraic sum of the two 
compared with the difference between the initial and last calculated 
elevation. 

Error of Closure. — A circuit of levels run with a good level by careful 
men, observing * all the foregoing precautions, should check within 0.05 
foot into the square root of the length of the circuit in miles (equivalent 
to 0.007 foot into the square root of the length of the circuit in 100-foot 
stations). In closing a circuit, the error should be carefully determined, 
as above indicated, and the value of the coefficient of precision found. 
(See discussion of errors of leveling and precision diagrams in Chapter 
IX, Errors of Surveying.) 

ADJUSTMENT OF THE WYE LEVEL 

Elementary Lines. — The principal elementary lines of the wye level, 
as shown in Fig. 16, are: (1) the line of collimation; (2) the bubble line: 
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(3) the vertical axis. For the purpose of adjustment there should be 
added to these: (4) the axis of the rings; (5) the bottom element of the 
rings. The following relations should exist between these lines: (a) 
the line of collimation and bubble line should be parallel; {b) the bubble 
line should be perpendicular to the vertical axis. The first of these 
relations involves two steps, viz., (1) to make the bubble line parallel to 
the bottom element of the rings, and (2) to make the line of collimation 
coincide with the axis of the rings. The other relation involves the wye 
adjustment, and is similar to the plate level adjustment described in 
the chapter on the compass. 

Bubble. — To make the bubble line parallel to the bottom element of the 
rings. Two steps are involved, (a) to place the bubble line in the same 
plane with the bottom element and (If) to make the two lines parallel. 

Azimuth Screws. — To make the bubble line in the same plane loith the 
bottom element of the rings. Clamp the level over a pair of foot screws, 
loosen the wye clips, and level up; rotate the telescope through a small 
angle, and if the bubble moves away from the middle, bring it back by 
means of the azimuth adjusting screws. Test by rotating in the opposite 
direction. Leave the screws snug. 

Altitude Screws. — To moLe the bubble line and the bottom element of the 
rings parallel, hlake the element level with the foot screws and bring 
the bubble to the middle by means of the altitude adjusting screws. The 
element is made level by the method of reversions as follows: With the 
level clamped over a pair of foot screws, as above, lift the clips and 
level up precisely; cautiously lift the telescope out of the wyes, turn it 
end for end, and very gently replace it in the wyes; if the bubble moves, 
bring it half way back by means of the foot screws. Before disturbing 
adjusting screws make several reversals, and conclude the adjustment 
with screws snug. This end-for-end reversal is similar to that made with 
the carpenter's level, the straight edge of the level corresponding to the 
element of the rings. The lines involved are shown in Fig. 16. 

Line of Collimation. — To make the line of collimation coincide with 
the axis of the rings. Loosen clips, sight on a point, say a nail head or 
the level target, more distant than the longest sight used in leveling; 
rotate the telescope half way and note the movement of the hair, if any. 
The line of collimation generates a cone, the axis of which is that of the 
rings, and the apex of which is at the optical center of the objective. 
Correct one-half the observed error by means of the capstan-headed 
screws which hold the cross-hair ring. Gradually perfect the adjust- 
ment until the intersection of the cross-hairs remains fixed on the 
same point when reversed by rotation with reference to either 



THE LEVEL 


67 


hair. The adjustment should be concluded with the screws at a 
snug bearing. 

After collimating the instrument for a long distance, the adjustment 
should be checked for a short distance, say 50 or 100 feet, so as to test 
the motion of the optical center of the objective. 

Rings.-— T'Ae theory of the wye level demands perfect equality of the 
rings, that is, the parallelism of the axis and element, as in (c), Fig. 16. 
Should the rings be unequal, either from poor workmanship or from 
uneven wear in service, they form a cone instead of a cylinder, and the 
axis is not parallel to the element, as in (d). Fig. 16. Under the latter 
conditions, the principle of the wye level fails, and an independent test 
is demanded. This is known as the two-peg test, the details of which are 
shown in (e) and (/), Fig. 16, and described in the adjustments of the 
dumpy level. If, after making the wye-level adjustments above 
described, the two-peg test shows that the line of collimation and bubble 
line are not parallel, the rings are probably unequal, and the instrument 
should thereafter be adjusted as a dumpy level. However, hasty 
conclusions should be guarded against. 

In case the instrument has a reversion level, shown at (c), Fig. 18, 
the equality of the rings may be tested by first adjusting the top tangent 
line of the bubble vial parallel to the bottom element of the rings, and 
then after rotating the telescope half way round in the wyes, compare the 
bottom (now above) tangent line of the vial with the top (now below) 
element of the rings, all by the end-for-end reversion. However, the 
exact parallelism of the top and bottom tangent lines of the reversion 
level should first be proved by the two-peg method. 

Wyes. — To make bubble line perpendicular to the vertical axis. Make 
the vertical axis vertical and bring the bubble to the middle by means of the 
wye 7iuts. The vertical axis is made vertical by reversion thus: With 
clips pinned, level up; reverse over the same pair of screws, and bring 
the bubble half way back with the foot screws. When adjusted, the 
bubble will remain in the middle during a complete revolution. This 
adjustment is identical in principle with the plate-level adjustment of 
the compass and transit, illustrated in (a), Fig. 13. The wye adjust- 
ment should follow the adjustment of the bubble line parallel to the 
element of the rings. The wye adjustment is a convenience, not a 
necessity. 

Centering the Eyepiece. — ^After collimating the level, the cross-hairs 
should appear in the center of the field. The eyepiece is centered by 
moving its ring held by four screws. This adjustment is desirable, 
but not essential. 
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ADJUSTMENT OF THE DUMPY LEVEL 

Elementary Lines. — The principal elementary lines of the dumpy 
level are identical Tvith those of the wye level: (1) the line of collimation; 
(2) the bubble line; (3) the vertical axis. As in the wye level, the bubble 
line should be (1) perpendicular to the vertical axis, and (2) parallel to 
the line of collimation. However, owing to the difference in the con- 
struction of the two types of instrument, the auxiliary elementary 
lines are not recognized in the dumpy level. The transit with its 
attached level is identical in principle "with the dumpy level - 

Bubble. — To make the hiibhle line perpendicular to the vertical axis. 
Make the vertical axis vertical by the method of reversions^ and adjust the 
bubble to the middle. This adjustment is identical in principle with the 
plate-level adjustment, shovm in (a). Pig. 13. The bubble should 
remain in the middle through a complete revolution. 

Line of Collimation. — To make the line of collimation parallel to the 
bubble line. Construct a level line, and adjust the cross-hairs to agree 
until it. The level line is determined either by using the surface of a 
pond of water, or by driving two pegs at equal distances in opposite 
directions from the instrument, and taking careful rod readings on 
them with the bubble precisely in the middle, as shown at {e), Fig, 16. 
For simplicity, the two pegs may be driven to the same level, or two 
spikes may be driven at the same level in the sides of two fence posts, 
say 400 feet apart. Otherwise, determine the precise difference of 
elevation, as indicated in (e). Fig. 16. Then set the level almost over 
one of the pegs, level up, and as in the first method of (/), Fig. 16, set the 
target of the leveling rod at the line of collimation, as indicated by the 
center of the object glass or eyepiece (this can be done more precisely 
than most levels will set the target at 400-feet distance) ; now with the 
rod on the other peg, sight at the target (shifted to allow for the differ- 
ence if the two pegs are not on the same level); adjust the cross-hair 
to the level line so constructed. If preferred, the second method shown 
in (/), Fig. 16, may be used; the level is set back of one peg, rod readings 
are taken on both pegs, allowance is made for the difference in level of 
the tw^o pegs, if any, the inclination of the line of collimation is deter- 
mined, correction is made for the small triangle from the level to the 
first peg and, finally, the level line is constructed by means of the cal- 
culated rod readings. The second method is simplified and made 
practically equivalent to the first by s’etting the level at minimum 
focusing distance from the first peg. The small corrective triangle is 
thus practically eliminated. Strictly speaking, the rod readings should 
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be corrected for the earth’s curvature (0.001 foot in about 200 feet, or 
say 0.004 foot in 400-feet distance). However, the effect of curvature is 
reduced by atmospheric refraction; and with errors of observation, slug- 
gishness of bubble, etc., to contend with, the curvature correction should 
be ignored, especially when the rod is read to the nearest 0.01 foot. 

(The foregoing process is known as the two-peg adjustment.’’ 
Although exceedingly simple, this adjustment is commonly regarded 
as a bugbear by many American engineers. But for it, the dumpy 
level would have the extended use in this country wdiich it merits. It is 
said that “the wye level is easy to adjust and usually needs adjustment.” 
Many good levelers employ the two-peg test to prove the wye-level 
adjustments. Time may be saved by establishing an adjusting base. 
The adjustments of a good dumpy level are very stable.) 

Uprights. — In some dumpy levels the uprights which connect the 
telescope with the level bar are adjustable, similar to the wyes of the 
wye level. This adjustment is designed to bring the bubble line 
perpendicular to the vertical axis in case the bubble is first adjusted 
parallel to the line of collimation. However, the best order is that 
already described, first adjust the bubble line perpendicular to 

the vertical axis, and then the line of collimation parallel to the bubble 
line, in which case the adjustable uprights are unnecessary. 

PROBLEMS WITH THE LEVEL 

Problem Cl. DifEerential Leveling with the Hand Level (or Water Level) 

a. Equi'pm.ent . — Hand level (or water level), rod graduated to feet. 

b. Problem . — Run an assigned level circuit with the hand level (or water 
level), observing the nearest 0.1 foot by estimation, and closing back on the 
starting point. 

c. Methods . — (1) Determine the correct position of the bubble of the 

hand level by sighting along a water table, or sill course of a building, or 
by the principles of the two-peg test. (If the water level is used, fill the 
tube so as to have a good exposure of the colored water in the glass uprights. ) 
(2) Take sights of 100 feet or so (paced), estimating the rod reading to the 
nearest 0.1 foot; balance back and fore sights; assume the elevation of the 
starting point, and keep the notes in a single column by addition and sub- 
traction, as in the seventh column, Fig. 19a. (3) Check back on the first 

point. Determine the coefficient of precision. (The error of closure in 
feet should not exceed 0.5 -v/distance in miles.)] 

Problem C2. Differential Leveling with. Engineers* Level (or Transit with 

Attached Level) 

a. Equipment. — ^Engineers’ level (or transit with attached level), leveling 
•rod, hatchet, pegs, spikes. 
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b. Problevi . — -Run the assigned level circuit, observing the nearest 0.01 
foot, and closing back on the initial point. 

c. Methods . — Follow the practical suggestions given at the conclusion of 
Use of the Level, giving special attention to the following points: (1) elimi- 
nate parallax of the eyepiece; (2) balance back- and fore-sight distances; 
(3) have the bubble precisely in the middle at the instant of sighting; (4) 
both rodman and leveler read each rod and also make the calculations 
independently; (5) calculate elevations as rapidly as rod readings are 
obtained; (6) plumb the rod; (7) avoid blunders; (8) determine the coefficient 
of precision; (9) no sights longer than 350 or 400 feet. Follow the first form 
shown to begin with, the other after several circuits have been run. 

Problem C3, Profile Leveling for a Drain 

a. Equipment. — Engineers’ leveling instrument, leveling rod, 100-foot 
steel tape, stakes, pegs, axe. 

b. Problem . — Make a survey, plat and profile, with estimate of cuts and 
quantities for a drain under assigned conditions. 

c. Methods. — (1) Examine ‘the ground, determine the head and outlet 
of the drain and select the general route. (2) Stake out the line, set stakes 
every 50 feet; or oftener if required to get a good profile, and drive a ground 
peg flush, say 2 feet to the right (or left) of each stake; record data for map- 
ping the line. (3) Starting with the assigned datum or l>ench mark, riu" 
levels over the line of the proposed drain, observing the nearest 0.01 fooi 



Fig. 196. — Profile of drain. 


on both turning points and ground pegs, the former somewhat morn na,re- 
fully; take rough ground levels, as required, to the nearest 0.1 fool,, '-ate 
arrd determine the depth of intersecting drains or pipe lines, or of.her objects 
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whicli may mfluence the grade line of the drain, and secure full data for 
placing the same on the profile; observe due care with the back and fore 
sights, as in differential leveling, and conclude the leveling work with a 
line of check levels back to the initial bench mark; a permanent bench mark 
should be established at each end of the drain and, if the length is consider- 
able, at one or more intermediate points as well. (4) Make a plat and profile 
of the drain line; lay the grade line, taking into account all ruling points; 
calculate the cuts, both to the nearest 0.01 foot, and to the nearest M inch; 
mark the latter on the stakes for the information of the ditcher, using 
waterproof keel and plain numerals; make an estimate of the quantity of 
drain pipe and of the cost of the job. Follow the form and the profile in 
Fig. 196. 

For the details of a profile for a railway, see Chapter VIII, Hailroad 
Surveying. 


Problem C4- Railroad Profile Leveling 

а. Equipment. — Engineers’ leveling instrument, leveling rod, 100-foot 
steel tape, stakes, axe. 

б. Problem . — Run levels over a short section of line staked out after the 
manner of railroad surveys, for the purpose of constructing a profile. 

c. Methods . — Follow the general process outlined in the preceding prob- 
lem, taking rod readings to the nearest 0.01 foot on turning points and bench 
marks, and also on important profiling points, when consistent; but take 
ground rod readings only to the nearest 0.1 foot. In calculating elevations, 
preserve the same degree of exactness in the result as observed in the rod 
reading, thar is, when the rod readings are taken to the nearest 0.1 foot, use 
only the nearest 0.1 foot in the height of instrument to determine the ele- 
vations. When a hub or station stake is to be used as a turning point, the 
notes should show the ground rod ‘and elevation to the nearest 0.1 foot on 
the line preceding the precise turning-point record. Bench marks should 
be selected with reference to their freedom from disturbance during con- 
struction, and they should be located not more than 1,500 or 2,000 feet 
apart along the line. Check levels by the same parties should not differ 
more than 0.05 foot into the square root of the length of circuit in miles. 
Back and fore sights should be balanced, and no sight longer than 350 or 
400 feet should be taken. In order to secure a representative profile, 
ground rods should be taken not only at every station stake, but also at 
every important change of slope between station points. Pluses may be 
determined either by pacing or, when short, by means of the leveling rod. 
The rodman should keep a record of the turning points. The notes should 
be checked and the other safeguards taken, as outlined in the practical 
hints under Use of the Level. Bottoms of deep gullies may be taken by 
means of the hand level, or with the engineers’ level used like the hand level; 
or a ‘dong” rod of 17 feet or more may be obtained by holding the 12-foot 
rod 5 feet or more from the ground. 
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Ftg. 19c, — Profile of railroad location line. 
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The profile is best plotted by having another person read off the data. 
The horizontal scale on railroad profiles is usually 400 feet to the inch and 
the vertical scale 20 feet to the inch. Gradients are expressed to the nearest 
0.01 per cent. It is usual to give the alinement notes and prominent 
topography, as shown in Fig. 19c. 

(The complete series of steps involved in railroad and similar leveling for 
location and construction purposes is: (1) setting the station stakes; (2) 
running the levels; (3) making the profile; (4) laying the grade line on profile; 
(5) calculating vertical curves; (6) cross-sectioning for earthwork; (7) 
calculating earthwork quantities; (8) setting grade stakes. For details 
of a profile for a railway, see Chapter VIII, Railroad Surveying.) 


Problem C5. Vertical Curve 

а. Equipment . — Drafting instruments, profile paper. 

б. Problem . — Connect two grade lines by a parabolic curve, as assigned. 

c. Methods. — (1) Plot the given grade lines, station numbers, etc., on a 

sheet of profile paper. (2) Find the grade angle, that is, the algebraic 
difference of the two rates of grade. (3) Determine the length of the 
vertical curve by dividing the grade angle by the assigned or adopted change 
of grade per station (notice the analogy to simple circular curves). (4) 
Calculate the apex correction. (5) Determine the corrections at the several 
stations or fractional stations (as assigned), and tabulate the stations and 
elevations. (6) Plot the vertical curve from the data so determined, as in 
Fig. 19d. (7) Also compute and plot the same curve by the method of 

chord gradients. 


Problem C6. Establishing a Grade Tine 

a. Equipment . — ^Leveling instrument, leveling rod, flag pole, 100-foot 
steel tape, stakes, axe. 

h. Problem . — Establish an assigned grade line, (1) by measured dis- 
tances and calculate rod readings, and (2) by shooting in the same line, for 
comparison. 

c. Methods. — (1) Stake off the distance between ruling points, and drive 
stakes to the required grade, or, if desirable, parallel to it, by dividing up 
the fall in proportion to the distance. (2) Set the level over one ruling 
point and determine the height from the point to the line of collimation 
by means of the leveling rod; set the flag pole behind the other ruling point 
and establish a target, consisting of a rubber band holding a strip of paper 
wrapped about the pole at a height equal to the rod reading; having thus 
constructed a line parallel to the desired grade line, direct the telescope on 
the fore-sight target, and with the same rod reading, shoot in the same 
stakes. Make a careful record of data and comparative results. 
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Fig. 19cZ. — D ata for vertical curve. 


Problem C7. Setting Slope Stakes 

a. Equipment . — ^Leveling instrument, self-reading leveling rod, 50-foot 
metallic tape, stakes, axe, marking crayon. (Or, instead of leveling instru- 
ment and rod, use special cross-sectioning rods, if assigned.) 

h. Problem . — Set slope stakes for the construction of a railroad, canal, 
etc., as assigned. 
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c. Methods . — (Follow the methods described in Chapter VIII, Hailroad 
Surveying, under the head of Cross-sectioning.) 

Problem C8. Calculation of Quantities 

a. Equipment , — (No instrumental equipment unless planimeter is 
assigned.) 

h. Problem . — Compute the quantity of earthwork for an assigned set 
of cross-section notes. * 

c. Methods. — (1) Transcribe the notes and carefully verify the copy. 
(2) Calculate the sectional area for each station and intermediate in the 
notes, and prove the results. (3) Calculate the volume by the average 
end-area^' method, results to nearest 0.1 cubic yard, and check the same. 
(4) If so instructed, plot the notes on cross-section paper and determine 
the areas by means of the planimeter as a check. Record the results. 

Problem C9. Staking Out a Borrow Pit 

a. Equipment. — Engineers’ level or transit with attached bubble, leveling- 
rod tape, stakes, axe. 

h. Problem . — Stake out a borrow pit and take notes required for the calcu- 
lation of earthwork quantities. 

c. Methods. — (1) Select a base line, preferably outside the limits of the 
proposed borrow pit, set substantial station stakes say 50 or 100 feet apart 
along this base; designate these stakes A, B, C, etc. (2) Establish auxiliary 
reference lines by erecting perpendiculars to the base line at the several 
stakes, driving temporary stakes for pegs at suitable distances on these 
lines. (3) Establish a permanent bench mark and run levels, as in profile 
leveling, along lines starting at Jl, R, C, etc., noting elevations both at pegs 
and at marked intermediate changes of slope. (4) In case actual construc- 
tion is undertaken, repeat the levels along the same auxiliary lines from 
time to time and calculate the quantities. (5) Record complete data. 

Problem CIO. Levels for Profile and Quantities for Paving a Street 

a. Equipment. — ^Level, level rod, 3 flag poles, 100-foot steel tape, chaining 
pins, 50-foot metallic tape, hubs, axe. 

5. Problem . — Take level-rod readings on the center line, right and left 
curb lines, right and left sidewalk lines, and right and left property lines 
to determine profiles and quantities for paving street. Plot profiles on 
plate A profile paper to a scale of 100 feet to 1 inch horizontal and 10 feet 
to 1 inch vertical. Estimate the quantities of cut and fill, and paving 
materials. 

c. Methods. — (1) Locate the center line of the street and set flag poles on 
line about 400 feet apart by ranging in with the eye. (2) Drive a hub at 
one end of the street and call this point station zero. (3) Run a line of 
differential levels from the Standard B. M. to the zero end of the line. 
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Read the rod to 0.01 foot. (4) Read the level rod to 0.1 foot on the ground 
at center hub. (5) Measure the distance out to the right curb line, right 
sidewalk and right property lines with the metallic tape and read the rod to 
0, 1 foot on the ground at station zero. (6) Measure the distance out to the 
center line to station 1. (7) Measure to the right and left from the chaining 

pin the required distances with the metallic tape and take rod readings as 
at station zero. (8) Repeat the process at each station and at abrupt 
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changes intermediate. (9) Check the level circuit. (10) Make profile on 
plate A paper, scales 100 feet to the inch horizontal and 10 feet vertical, 
indicating the several lines by conventional lines or colors. (11) Lay the 
grade line as directed. (12) Show a plat at the bottom of the profile. (13) 
Plot sections to a scale of 20 feet to the inch and determine the areas. (14) 
Compute the quantities of earthwork, paving, etc. Follow the form. 

Problem Cll. Contour Leveling 

а. Equipment. — lEngineers’ leveling instrument, leveling rod, 100-foot 
steel tape, stakes, axe. 

б. Problem . — Make a rapid contour survey of an assigned tract of ground 
with the level and f*ha.in. 
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c. Methods. — (1) Examine the tract and plan the system of reference 
lines for locating the points at which levels are to he taken; if the ground is 
comparatively regular, a simple subdivision into squares of 100 feet may 
suffice; but if much broken, special lines along gullies and ridges should be 
included in the survey plan. (2) Stake off the tract according to the plan, 
and make a record of the same. (3) Starting from an assigned bench, deter- 
mine the elevations of the ground at the various stakes and at such other 
X^oints as may be required to give a correct basis for accurate contouring. 
(4) Plot the data, and interpolate contours at a specified interval, employing 
both numerical calculations and geometrical methods, Fig. 19e. (5) Finish 

the plat, as required. 

For a contour map cf the Saluda Dam, see Chapter VI, Topographic 
Surveying. 



Fig. 19/. 


Problem C12. Use of Contour Map 

а. Equipment . — Contour map, drafting instruments, etc. 

б. Problem . — From the given contour map: (1) construct profiles on the 
jssigned lines; (2) project a line of specified grade through assigned points 
on the contour map; make a profile, lay a grade line and estimate the earth- 
work quantities approximately; (3) calculate the earthwork quantities from 
the map for the given grade planes and limitations of area. (The third step 
may, perhaps, best be taken with a different map .‘^rom the first two.) 

c. Methods. — (1) Use profile paper for the profiles. (2) To project the 
line on the map, set the dividers at the horizontal distance in wdiich the 
specified gradient will surmount the vertical interval between successive 
contour planes. Fig. 19/; then beginning at a specified point, locate points 
on the successive contour lines up or down on the given gradient, as 
required; sketch in the route roughly, and project a series of connected 
curved and tangent lines approximating to it; construct a profile along the 
new line; lay the required grade line on the profile, and estimate approximate 
earthwork quantities for the specified dimensions and slopes of roadbed. 
(3) By means of the end-area method calculate the earthwork quantities 
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required to establish the specified grade planes on the designated contoured 
area. 


Problem C13. Reciprocal Leveling 

a. Equipment. — Engineers’ level, 2 leveling rods. 

&. Proble7n . — Determine the difference of elevation between two bench 
marks on opposite sides of a river (or wide ravine) by reciprocal leveling. 

c. Methods. — (1) Set the level up so that a rod reading may be taken on 
both benches at one setting. Station a rodman at each bench. (2) Take 
a back sight consisting of a series of say five or ten careful consecutive rod 
readings. (3) Without delay take a like series of readings for a fore sight. 
(4) Set the instrument on the opposite side of the river or ravine and repeat 
the above process. (5) Determine a difference of elevation by taking the 
difference between the mean back sight and fore sight for each setting, and 
finally take the mean of the two results. Observe rigid care in all details 
of the problem. 

Problem C14. Test of Delicacy of Bubble Vial 

a. Equipment. — Engineers’ leveling instrument, leveling rod, tape, level 
tester. 

h. Problem . — Determine the radius of curvature of the assigned bubble 
vial: (1) by means of the optical test, and (2) by the level tester. 

c. Methods. — (1) Measure off a base line say 100 feet long, set the level 
at one end ^^nd hold the rod on a joeg driven at the other end; note the target 
movement corresponding to a given bubble movement, both in the same 
linear unit; calculate the radius by the method shown at (h), Fig. 18. (2) 

kSet the level tester on a solid base and place the instrument on it, as indi- 
cated at (f), Fig. 18; by means of the micrometer head and known relations 
of the level tester, determine the angular equivalent in seconds for one 
division and also 1 inch movement of the bubble, from which calculate the 
radius of curvature of the vial in feet. Follow the form. 

Problem C16. Comparison of Level Telescopes 

а. Equipment . — Five (or other specified number) engineers’ levels (both 
wye and dumpy), leveling rod, metallic tape. 

б. Problem . — Make a critical examination and comparison of the tele- 
scopes of the assigned instruments. 

c. Methods . — Carefully read the discussion of the telescope in the text. 
Then compare the telescopes with reference to: (1) magnifying power; (2) 
chromatic aberration; (3) spherical aberration; (4) definition; (5) illumina- 
tion; (6) flatness of fields; (7) angular width of field; (S) effective aperture 
of objective. Make a tabulated record of comparisons, giving in separate 
columns: (1) locker number; (2) kind of level; (3) name of maker; (4) 
inaenifvine: DOwer. snd so on for the other points examined, 
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Problem C16. Tests of the Wye Level 

а. Equipment . — Wye level, leveling rod, tape. 

б. Problem . — Test the essential relations and adjustments of the wye 
level. 

c. Methods . — Carefully note the construction of the assigned level and the 
positions of the elementary lines. Then following the methods outlined 
in the text, test the following adjustments (but do not disturb the adjusting 
screws) : (1) the bubble, as to both the azimuth and the altitude movements; 
find the position of the bubble when parallel to the element of the rings; 
(2) the line of collimation, its deviation from the axis in 400 feet; (3) the 
wyes, finding the position of the bubble when the vertical axis is vertical. 
Keep a neat and systematic tabulated record of observed numerical data, 
with an explanation of the several adjustments. 

Problem C17. Adjustment of the Wye Level 

a. Equipment . — Wye level (reserved expressly for adjustment), leveling 
rod, tape, adjusting pin. 

h. Problem . — Make the full series of adjustments of the wye level. 
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c. Methods. — Follow the methods detailed in the text according to the 
following program: (1) Adjust the bubble line {a) into the same plane with 
the bottom elemen+ of the rings, and (6) parallel to that element. (2) 
Adjust the line of collimation to coincide with the axis of the rings, first 
on a long distance; and then, to test the object glass slide, try it for a short 
distance; if necessary, shift the reticule in rotation to make the horizontal 
hair horizontal, and also center the eyepiece. (3) Adjust the bubble line 
perpendicular to the vertical axis by means of the wye nuts. (4) Test the 
rings of the wye level by the two-peg test; if the level has a reversion bubble, 
first test the parallelism of the top and bottom tangent lines, and then test 
the rings. Keep a clear and systematic record. In each case, state (1) the 
desired relation, (2) the test and (3) the adjustment. 

Problem C18. Sketching the Wye Level 

a. Equipment. — Wye level. 

b. Problem. — Make a first-class free-hand sketch of the assigned wye level. 

c. Methods. — The sketch should be correct in proportion and clear in 
derail. The essential parts should be designated in neat and draftsmanlike 
form, and the elementary lines clearly indicated. 

Problem C19. Tests' of the Dumpy Level 

a. Equipment. — Dumpy level, leveling rod, tape. 

b. Problem. — Test the essential relations and adjustments of the dumpy 
level. 

c. M ethods. — Carefully note the construction of the assigned level and the 
position of the elementary lines. Then, following the methods outlined in 
the text, tost the following adjustments: (1) the bubble line, whether per- 
pendicular to the vertical axis; and if not, what is the angular inclination 
of the vertical axis when the bubble is in the middle? (3) The line of col- 
limation, whether parallel to the bubble line. Kecord the errors and 
observations systematically. 

Problem C20. Adjustment of the Dumpy Level 

a. Equipment. — Dumpy level (reserved expressly for adjustment), 
leveling rod, tape, pegs, axe, adjusting pin. 

b. Problem. — Make the essential adjustments of the assigned dumpy 
level. 

c. Methods. — (1) Adjust the bubble line perpendicular to the vertical 
axis. (2) Adjust the line of collimation parallel to the bubble line by the 
two-peg method. In describing the adjustments, the record should state 
(1) the desired relation, (2) the test and (3) the adjustment. 

Problem C21. Sketching the Dumpy Level 

(See Problem CIS.) 
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Problem C22. Stretching Cross-hairs 

a. Equipment. — Engineers’ level or transit (or cross-hair reticule), pocket 
cross-hair outfit, reading glass. 

b. Problem. — Renew the cross-hairs in a level or transit instrument by a 
method applicable to field use. 

c. Methods. — (If instrument is provided, follow the complete program 
outlined below; otherwise, merely stretch the lines on the reticule and test 
same.) (1) Remove the eyepiece, carefully preserving the screws from loss. 
(2) Remove one pair of the capstan-headed reticule screws; turn the ring 
edgewise and insert a sharpened stick in the exposed screw hole, take out the 
other two screws and remove reticule from telescope tube. (3) Clean the 
cross-hair graduations, and support the reticule on a sharpened stick, or 
(if a transit) place it on the object glass with a piece of paper interposed to 
protect the lens. (4) Select from the capsule [see (d), Fig. 17] two spider 
lines 2 inches or more long, and fasten a stick to either end of each hair by 
means of glue from the adhesive paper. (5) Put the hairs in place (with 
the bits of wood hanging loose), shifting them as desired with a pin point or 
knife blade. (6) Apply a bit of the moistened adhesive paper to the reticule 
over each hair, and after a few minutes cut or break the sticks loose. (7) 
Test the hairs by blowing on them full force. (8) If they stand this test, 
replace the reticule and adjust the instrument. Make a record of the 
process. 


Problem C23. Error of Setting a Level Target 

a. Equipment. — Engineers’ leveling instrument, leveling rod (preferably 
a New York or Boston rod), tape, pegs. 

b. Problem. — Determine the probable error of setting the level target at 
distances of 100 and 300 feet (or such other distances as may be assigned). 

c. Methods. — (1) Determine the magnifying power of the telescope. (2) 
Determine the radius of curvature of the level vial by the field method. (3) 
Determine the space on the rod covered by the diameter of the hair. (4) 
Drive a peg at 100 feet from the level, level up and secure 10 satisfactory 
consecutive rod readings with the rod held truly plumb on the peg; shift the 
target several inches between readings, and reset without bias; reject no 
readings; watch the bubble closely, but work briskly. (4) Repeat the series 
at 300 feet. (5) Determine for each distance the mean rod, the probable 
error of a single reading and of the mean, as indicated in the form. Read 
Chapter IX, Errors of Surveying. 

Problem C24. Making a Leveling Rod 

a. Equipment. — Piece of straight, dressed, clear white pine of proper 
dimensions, steel tape graduated to 0.01 foot, carpenter’s tri-square, paint, 
etc. 

b. Problem. — Make a self-reading leveling rod. 
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c. Methods . — (To be devised by the student. See Fig. 29 for suggested 
graduations.) 

Problem C26. Comparison of Dijfferent Makes and Types of Engineers’ 

Levels 

a. Equipment . — Department equipment, catalogues of representative 
engineering instrument makers. 
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h. Problem . — Make a critical comparison of the several types and makes of 
engineers’ levels. 

c. Methods . — Examine the department equipment and study the several 
catalogues carefully, noting the usual and special features, prices, etc., and 
prepare a systematic summary or digest of the same. Prepare brief specifi- 
cations for a leveling instrument, and also suggest the preferred make. 




CHAPTER V 


THE TRANSIT 

Description. — The engineers' transit consists of an alidade, carrying 
the line of sight, attached to an inner vertical spindle (or upper motion) 
which turns in an outer annular spindle (or lower motion) . The latter 
carries the horizontal graduated circle or limb, and is supported by the 
tripod head. The alidade includes the telescope, the magnetic needle 
with its graduated circle and the vernier; it may be revolved while the 
graduated limb remains stationary. The horizontal limb is graduated to 
degrees and hah degrees and sometimes to 20 minutes, and is numbered 
preferably from zero to 360 degrees in both directions. 

The complete transit differs from the plain transit, Fig. 20, in having 
a vertical arc and level bubble attached to the telescope. 

In Fig. 21 are shown: {a) the English theodolite; (5) the shifting plates 
and foot screws of a transit; (c) the Saegmuller solar attachment to the 




Fig. 20. — (a) Complete transit. (6) “Plain transit. 
S6 
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transit; (d) the gradienter; (e) tripods; (/) reflectors; {g) reading glass; 
Qh) flag poles; {i) plumb bobs; (j) the Brunton pocket transit. 

The Vernier. — The vernier is an auxiliary scale used to read fractional 
parts of the main graduated scale or limb. The least count of a direct 
vernier is found by dividing the value of one division of the limb by the 
number of divisions on the vernier. With a limb graduated to half 
degrees and a direct vernier reading to single minutes 30 divisions on 
the vernier cover 29 divisions on the limb. 

In reading a direct vernier observe the following rule : Read from the 
zero of the limb to the zero of the vernier, then along on the vernier until 
coincident lines are found. Add the reading of the vernier to the 
reading of the limb. 

In setting the vernier to a given reading, as for example a zero reading 
for measuring an angle, the tangent movement should be given a quick 
short motion to secure the last refinement, since a slow movement is not 
noticed by the eye. Notice adjacent and end graduations. 

In Fig. 23, (c) is *a vernier reading to single minutes, (d) to half 
minutes (30 seconds) and (e) to thirds of minutes (20 seconds). The 
slant in the numerals on the limb corresponds with that on the vernier. 

USE OF THE TRANSIT 

Use. — The complete transit is used: (1) to prolong lines; (2) to 
measure horizontal angles; (3) to measure vertical angles; (4) to run 
levels; (5) to establish grade lines. The plain transit is confined to the 
first two uses, unless it has a vertical clamp and tangent movement, 
when it may be used to shoot in grade lines. 

Prolongation of Lines. — If the instrument is in adjustment a line can 
be prolonged by sighting at the rear station and reversing the telescope 
in altitude. It is, however, not safe to depend on the adjustments of 
the transit, and important lines should always be prolonged by the 
method of “double sights,” as given in Problem D2. Lines may be 
prolonged with the plates by sighting at the rear station with the A 
vernier reading 180 degrees, reversing the alidade in azimuth and locac- 
ing stations ahead with the A vernier reading zero. A third method 
employs two points ahead of the instrument. 

Measurment of Horizontal Angles.^ — Horizontal angles are measured 
as described in Problem Dl. If greater accuracy is required, angles 
may be measured by series or by repetition. 

By Series . — In measuring an angle by series all angles around the 
point are read to the right, both verniers being read to elimate eccen- 
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tricity. The instrument is then reversed in altitude and azimuth and 
all the angles around the point are read to the left. The readings are 
checked by sighting back on the first point in each case. These observa- 
tions constitute one ‘^set.^’ The vernier is shifted between sets 360 
degrees divided by the number of sets. The arithmetical mean of the 
observed values is taken as the true value. 

By Repetition . — ^Angles are measured by repetition as described in 
Problem D13. This method is especially suited to the accurate measure- 
ment of angles with an ordinary transit, and is to be preferred to the 
series method, which is a favorite where precise instruments are used. 
In the repetition method all the instrumental errors are eliminated and 
the error of reading is very much reduced. It is doubtful if it is ever 
consistent to make more than five or six repetitions. . 

Azimuth. — The azimuth of a line is the horizontal angle which it 
makes with a line of reference through one of its ends, the angles being 
measured to the right from zero to 360 degrees, as in (/), Fig. 23. It is 
usual to assume that the true meridian is the line of reference, the south 
point being taken as zero in common surveying. 

Deflection. — The deflection of a line is the angle that it makes with 
the preceding line produced, and is called deflection right or left, depend- 
ing upon whether the angle is on the right or left side of the line produced, 
as in (h), Fig. 23. 

Vertical Angles. — ^Vertical angles are referred to the horizon deter- 
mined by the plane of the level under the telescope, and are angles of 
depression or elevation relative to that plane. In measuring vertical 
angles the instrument should be leveled by means of the level under the 
telescope and correction should be made for index error of the vernier. 
With a transit having a complete vertical circle, the true vertical angle 
may be obtained by measuring the angle with the telescope normal and 
reversed and taking the mean. 

Traversing. — traverse is a series of lines whose lengths and relative 
directions are known. Traverses are used in determining areas, and 
locating highways, railroads, etc. 

Azimuth Traverse . — In an azimuth traverse the azimuths of the lines 
are determined, usually passing around the field to the right. In 
orienting the transit at any station the A vernier is set to read the 
azimuth of the preceding course, the telescope is reversed and directed 
toward the preceding station, and the lower motion is clamped; the 
telescope is then reversed in altitude. The reading of the A vernier 
with telescope normal will then give the azimuth of any line sighted on. 
If there is any error in collimation the transit may be oriented by 
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sighting back with, the A vernier reading the back azimuth of the 
preceding course. In a closed traverse the last front azimuth should 
agree with the first back azimuth. The azimuth traverse is especially 
adapted to stadia and railroad work. Azimuths can be easily changed 
to bearingS; if desired. 

Deflection Traverse, — In a deflection traverse the deflection of each 
line is deteimined, usually passing around the field to the right. To 
avoid discrepancies due to error in collimation, the transit may be 
oriented by sighting at the preceding station with the A vernier set 
at 180 degrees, the telescope being in its normal position, and the lower 
motion clamped. The reading of the A vernier will then give the 
deflection of any line sighted on. 

Compass Bearings. — Compass bearings should always be read on an 
extended traverse as a check against such errors as using the wrong 
motion or an erroneous reading of the vernier. To guard against errors 
due to local attraction, back and front bearings should always be read, 
and the angle thus determined coznpared with the transit angle. 

Leveling with the Transit. — The transit with an attached level is the 
complete equivalent for the engineers' level. The instrument is leveled 
up with the plate levels first, after wliich the position of the attached 
bubble is controlled by means of the vertical tangent movement. 

Grade Lines. — Grade lines may be established with the transit either 
by means of known distances and calculated rod readings, or by “shoot- 
ing in" a parallel line by means of the inclined telescope, as described 
under the use of the engineers' level. For the latter purpose the 
transit is rather more convenient than the level. 

Setting up the Transit. — To set the transit over a point, spread the 
legs so that they will make an angle of about 30 degrees, and place 
them symmetrically about the point with two legs downhill. Bring one 
plate level parallel to two of the legs, force these legs firmly into the 
ground and bring the plumb bob over the point and the plates approxi- 
mately level with the third leg, changing the position of the plumb bob 
with a radial motion and leveling the iflates with a circular motion of 
the leg. Finish the centering with the shifting plates. In leveling up, 
the bubbles move wdth the left thumb. Use care to bring the foot 
screws to a proper bearing. 

Parallax. — Before beginning the observations the eyepiece should 
be carefully focused on the cross-hairs so as to prevent parallax. 

Back Sight with Transit. — Always check the hack sight before moving 
the transit to see that the instrument has not been disturbed or that a 
wrong motion has not been used. 
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Instrumental Errors. — The transit should be kept in as perfect 
adjustment as possible; and should be used habitually as though it were 
out of adjustment, that is, so that the instrumental errors will balance.* 
No opportunity should be lost to test adjustments. 

ADJUSTMENTS OF THE TRANSIT 

Elementary Lines. — Figure 22 shows the elementary lines of the 
transit, viz., (1) line of collimation; (2) horizontal axis; (3) vertical axis; 
(4) plate level lines: (5) attached level lines. These lines should have 
the following relations: (a) the plate levels should be perpendicular 
to the vertical axis; (£») the Line of collimation should be perpendicular to 
the horizontal axis; (c) the horizontal axis should be perpendicular to 
the vertical axis; (d) the attached level line should be parallel to the 
line of collimation. The following additional relations should exist: 
(e) the vertical axes of the upper and lower motions should be coinci- 
dent; (/) the optical center of the objective should be projected in 
the line of collimation; {g) the center i^f the graduated circle should be 
the center of rotation, that is, there should be no eccentricity. 

Plate Levels. — To make the plate levels perpendicular to the vertical 
axis. Make the vertical axis vertical and adjust the huhhles to the middle 
of their race. The vertical axis is made vertical by leveling up, reversing 
in azimuth and, if the bubbles move, bringing them half way back with 
the foot screws. The adjustment is the same as for the compass, and 
the reasons are shown in (a), Fig. 13. 

After adjusting the plate levels with reference to say the upper motion, 
test them with the lower motion to prove the coincidence of the vertical 
axes. 

Line of Collimation. — To make the line of collimation perpeyidicular to 
the horizontal axis. Construct a straight line and adjust the vertical hair 
so that the instrument will reverse in altitude on it. The straight line may 
be established either by prolongation beyond a point in front, or pref- 
erably by the methods of double sighting, described in Problem D2. 
One-fourth the apparent error is corrected in the second case as shown 
in (a), Fig. 23. In deciding which way to move the hair, notice that 
the optical center is the fulcrum. The transit should be collimated 
first for equal back and fore sights, say 100 feet or so, and then checked 
for a distant point in one direction and perhaps 50 feet in the other, 
so as to test the motion of the optical center of the objective. The 
points should all be as definite as possible. Chaining pins may be used, 
or V-marks may be made on the side of a stake driven securely. Each 
altitude reversal should be checked back and forth to make sure of 
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the prolongations, and the telescope should be handled very carefully. 
If the cross-hair reticule is removed from the instrument or should be 
much disturbed, the foregoing adjustment is made approximately and 
the hair is made vertical by sighting on a plumb line, such as the corner 


OptfCd/ (jef?ter 
oF Ob/ect/ve^^^ 


/ntersect/of? of 

Croos-Hdirs 

^ .Pi._ ji L__ 



Fig. 22. — Elementary lines of the transit. 


of a building, or by noting whether the hair continuously covers the 
same point as the telescope is moved in altitude; the collimation adjust- 
ment is then made precisely. 

Horizontal Axis. — To make the horizontal axis perpendicular to the 
vertical axis. Adjust the horizontal axis so that the line of collimation 
will follow a plumb line. An actual plumb line may be used ; or prefera- 
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bly a vertical line may be constructed by first sighting on a high point, 
then depressing the telescope and marking a low point; then reversing 
in altitude and azimuth (turning the horizontal axis end for end), sight- 
ing at the high point again and marking a second low point beside the 
first one. The mean of the two low points is vertically beneath the 
upper one. The transverse plate level is especially important in this 
process. One end of the horizontal axis is changed, as in (6), Fig. 23. 




Fig. 23. 


90"E- 



Attached Level. — To maize the attached level and the line of colUmation 
parallel to each other. Construct a level line and adjust the instrument to 
agree with it. The level line may be obtained by using the surface of a 
still body of water, as of a pond, or it may be constructed by equal 
back and fore sights, as indicated in (e), Fig. 16. Either the horizontal 
hair may be changed to bring the line of collimation parallel to the 
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bubble line, or vice verm. The method is the same as used for the 
dumpy level. 

If the bubble vial is a reversion level, as shown at (6), Fig. 18, the- 
adjustment is much simpler. However, the two-peg test should be 
applied at least once to the reversion level to prove the parallelism of the 
top and bottom tangent lines of the bubble vial. 

Vertical Arc. — After the last preceding adjustment, the vernier of 
the vertical circle should be made to read zero when the bubble is at 
the center of the tube. Bring the bubble to the center and shift the 
vernier to read zero. If the vernier is fixed, an index correction may 
be applied to all vertical angles; or the bubble may be made to agree 
with the vernier and the horizontal hair then adjusted by the two-peg 
method. 

Eccentricity. — Read the two verniers at intervals around the circle; 
if the verniers have changed the same amount in each case the circle 
is well centered. If the two verniers have not changed the same amount, 
the mean of the angles passed over by the verniers is the actual angle 
through which the instrument has turned. The error cannot be 
adjusted. 

Centering the ETyepiece. — If the intersection of the cross-hairs is not 
in the center of the field of view, move the inner ring of the eyepiece 
slide by means of the screws which hold it. 

OBSERVATIONS ON THE SUN AND POLARIS 

Astronomy. — ^Astronomy is ‘useful to the surveyor in determining (1) 
the position of a point on the earth (the latitude and longitude), (2) 
the direction of a Line with respect to the true north and south line 
(a meridian) and (3) the correct time. For this purpose observations 
are made with the transit on the sun, on Polaris and often on other stars. 
The laws of the movements of these bodies are known as celestial mechan- 
ics and are the basis of all field astronomy. These bodies follow definite 
paths and from a knowledge of their movements we are able to find their 
exact position in the sky at any time. 

The Celestial Sphere. — Figure 24 shows a celestial sphere. It is 
assumed that all the heavenly bodies lie on its surface and the earth is 
at its center. The equator corresponds to the earth’s equator and 
its pole to the north pole. The sun traces a path (shown by the dotted 
lines) which moves south of the equator in winter and north in the sum- 
mer. The stars vary but a small amount from a fixed position. S is 
the position of the sun at the instant of observation. Z is the zenith, 
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a point directly above the observer and corresponds to the position 
of the observer on the earth* P is the celestial pole. 

Polaris. — Polaris is within about 1 degree of the true north pole. 
From a knowledge of the behavior of the star (Tables I, II and III) 
this angle may be calculated for any position of the star and both a 
true north line and the true altitude of the celestial pole obtained. From 
Fig. 24a it may be seen that the altitude of the pole is equal to the 
latitude of the place of observation. 

The Sun. Observations are made on the sun to determine its posi- 
tion in the sky by means of: (1) the ordinary transit with a colored 



eyepiece or a prismatic eyepiece; (2) the solar transit which involves the 
use of a special attachment to the complete transit. 

An observation for the true meridian will give the co-altitude angle 
SOZ, Fig. 24a. The latitude of the place may be found from a map and 
the declination may be obtained from an Ephemeris of the sun. With 
these quantities the azimuth of the sun may be calculated from the 
formula 

Irytyo /sin H'S X sin — pole dist.) 

cos / ■: z 7 

2 \ sin co-alt. X sin co-lat. 

where 

S ^ pole dist, + co-alt. + co-lat. 
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If the solar transit is used angle PZS is automatically set off and this 
formula is not needed. 

Time. — Time from the astronomer's viewpoint is measured by the 
revolution of the heavenly bodies about the earth. The path of the 
sun varies from that of the stars and is the basis of solar time. 
The movement of the stars is the basis of sidereal time. 


Table I. — Azimuth of Polaris at Elongation , 1931 to 1940 


Latitude 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

o 

a 

, , 

O 

/ 

<3 

, , 

C 

, f 



C 



, , 




, , 

C 


-fSO 

1 

13.9 

1 

13.5 

1 

13.2 

1 

12.8 

1 

12.5 

1 

12.1 

1 

11.8 

1 

11.4 

1 

11.1 

1 

10.7 

31 


14.6 


14.3 


13.9 


13.6 


13.2 


12.9 


12.5 


12.2 


11.8 


11.5 

32 


15.4 


15.1 


14.7 


14.4 


14.0 


13.7 


13.3 


13.0 


12.6 


12.2 

33 


16.3 


15.9 


15.6 


15.2 


14.8 


14.5 


14.1 


13.8 


13.4 


13.0 

34 


17.2 


16.8 


16.4 


16.1 


15.7| 


15.4 


15.0 


14.6 


14.3 


13.9 

# 

35 

1 

18.1 

1 

17.8 

1 

17.4 

1 

17.0 

1 

16.6 

1 

16.3 

1 

15.9 

1 

15.5 

1 

15.2 

1 

14.8 

36 


19.1 


18.7 


18.3 


18.0 


17.6 


17.2 


16.8 


16.5 


16.1 


15.7 

37 


20.1 


19.7 


19.4 


19.0 


18.6 


18.2 


17.8 


17.5 


17.1 


16.7 

38 


21.2 


20.8 


20.4 


20.0 


19.7 


19.3 


18.9 


18.5 


18.1 


17.8 

39 


22.3 


21.9 


21.6 


21.2 


20.8 


20.4 


20.0 


19.6 


19.2 


18.8 

40 

1 

23.5 

1 

23.1 

1 

22.7 

1 

22.4 

1 

22.0 

1 

21.6 

1 

21.2 

1 

20.8 

1 

20.4 

1 

20.0 

41 


24.8 


24.4 


24.0 


23.6 


23.2 


22.8 


22.4 


22.0 


21.6 


21.2 

42 


26.1 


25.7 


25.3 


24.9 


24.5 


24.1 


23.7 


23.2 


22.8 


22.4 

43 


27.5 


27.1 


26.7 


26.2 


25.8 


25.4 


25.0 


24.6 


24.2 


23.8 

44 


28.9 


28.5 


23.1 


27.7 


27.3 


26.8 


26.4 


26.0 


25.6 


25.2 

45 

1 

30.5 

1 

30.0 

1 

29.6 

1 

29.2 

!i 

28.8 

1 

28.3 

1 

27.9 

1 

27.5 

1 

27.1 

1 

26.6 

46 


32.1 


31.7 


31.2 


30.8 


30.4 


29.9 


29.5 


29.1 


28.6 


28.2 

47 


33.8 


33.4 


32.9 


32.5 


32. 1 


31.6 


31.2 


30.7 


30 . 3 


29.8 

48 


35.6 


35.2 


34.7 


34.2 


33.8 


33.4 


32.9 


32 . 5 


32.0 


31.6 

49 


37.5 


37.0 


36.6 


36.1 


35.7 


35.2 


34.8 


34.3 


33.8 


33.4 

+ 50 

1 

39.6 

1 

39.1 

1 

38.6 

1 

38.1 

1 

37.7 

1 

37.2 

1 

36.7 

1 

36 . 2 

1 

35.8 

1 

35.3 


■ The Solar Day , — The earth revolves on its axis once in 24 hours and 
traverses around its elliptical orbit once in 365.242 days. One revolu- 
tion of the earth on its axis is the basis of the solar day of 24 hours. 
Owing to the elliptical orbit of the earth the sun does not follow the 
solar day exactly. Its exact path is the basis of apparent solar time. 
A sun which would follow the solar day exactly is known as the mean 
sun and is the basis of the mean solar day. The difference between 
solar time and apparent solar time, is known as the equation of time. 
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Table II. — Polaris, Upper Culminations and Elongations, 1931* 
(For Longitude 90“ or 6^ west of Greenwich) 



Local 


civil time 


of 

upper 


culmination 


h 

m 

Jan. 1 . 

18 

54.4 

15. 

17 

59.1 

Feb. 1 . 

16 

52.0 

15. 

15 

56.7 

Mar. 1 . 

15 

1.4 

15. 

14 

6.2 

Apr. 1 . 

12 

59.2 

15. 

12 

4.2 

May 1 . 

11 

1.3 

15. 

10 

6.4 

June 1 . 

8 

59.8 

15. 

8 

5.0 

July 1. 

7 

2.4 

15. 

6 

7.6 

Aug. 1 . 

5 

1.1 

15. 

4 

6.4 

Sept. 1 . 

2 

59.8 

15. 

2 

4.9 

Oct. 1 . , 

1 

2.2 

15. . 

0 

7.2 

Nov. 1. 

22 

56.5 

15. 

22 

1.4 

Deo. 1 . 

20 

58.3 

15. 

20 

3.1 


Apparent 

declination 

Local civil time of 
elongation, latitude 40®N. 

at upper 





culmination 

Eastern 

Western 



h 

m 

h 

m 

4-88 56 

22 

12 

59.0 

0 

53.8 

56 

23 

12 

3.7 

23 

54.6 

56 

24 

10 

56.5 

22 

47.4 

56 

22 

10 

1.2 

21 

52.1 

56 

20 

9 

6.0 

20 

56.8 

56 

16 

8 

10.8 

20 

1.6 

56 

11 

7 

3.8 

18 

54.7 

56 

7 

6 

8.7 

17 

59.6 

56 

2 

5 

5.9 

16 

56.8 

55 

59 

4 

11.0 

16 

1.9 

55 

55 

3 

4.4 

14 

55.3 

55 

54 

2 

9.6 

14 

0.5 

55 

53 

1 

7.0 

12 

57.9 

55 

53 

0 

12.2 

12 

3.1 

55 

55 

23 

1.8 

10 

56.6 

55 

58 

22 

7.0 

10 

1.8 

56 

2 

21 

0.4 

8 

55.2 

56 

7 

20 

5.5 


0.3 

56 

12 

19 

2.8 


57.6 

56 

18 

18 

7.8 


2.7 

56 

25 

17 

1.0 


55.8 

56 

30 

16 

5.9 


0.7 

56 

35 

15 

2.9 


57.7 

+88 56 

39 

14 

7.6 


2.5 


Corrections to Times of Elongations and Culminations, 1931, for Subsequent Years 


For 1932 < 

Minutes 

r add 1 . 5 up to Feb. 29 

[ subtract 2 . 4 from Mar. 1 

Minutes 

For 1937 add 2.0 

1933 

subtract 0 . 8 

1938 add 3.7 

1934 

add 0 . 9 

1939 add 5.3 

1935 

add 2 . 6 

iQ.dn/ Feb. 29 

add 3.0 from Mar. 1 

1936^ 

f add 4 . 3 up to Feb. 29 

[ add 0.4 from Mar. 1 


Mean declination of Polaris, 1931.0, 88® 56' 0".84 

* To obtain the declination for the corresponding time for years after 1931, add 0.31 
minutes for each year to the corresponding declination for 1931. 
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Table III, — Azimuths of Polajris at Ant Hour Angle 


Hour angle 
before or after 
upper cxolmination 

i 

Azimuths of Polaris computed for declination 
88° 51' 

Azimuths given in minutes 

Correction for 

1' increa.ao in 
dccliii:ui(>ii of 
Polaris 

Lat. 

30° 

Lat. 

32° 

Lat. 

34° 

Lat. 

36° 

Lat. 

38° 

40^ 

Lat. 

30° 

Lat. 

40° 

h 

0 

m 

15 

05. 

.28 

05 

.38 

05. 

,.52 

05 

.67 

05, 

.82 

06 

00 

-0 

.08 

-0.08 

0 

30 

10, 

.52 

10 

75 

11, 

.02 

11 

.30 

11. 

.62 

11. 

.95 

-0 

. 15 

-0. 17 

0 

45 

15. 

.73 

16 

.07 

16, 

.45 

16, 

.88 

17, 

.35 

17. 

.87 

-0 

.23 

-0.27 

1 

00 

20, 

.85 

21 

32 

21. 

.83 

22, 

.40 

23, 

.02 

23. 

.70 

-0 

.30 

-0.35 

1 

15 

25, 

,90 

26 

.47 

27, 

, 10 

27, 

.80 

28. 

.57 

29. 

,43 

— 0 

.38 

-0.43 

1 

30 

30, 

,82 

31 

50 

32, 

.25 

33. 

.08 

34. 

.00 

35, 

,02 

— 0 

.45 

-0.52 

1 

45 

35, 

.62 

36 

.40 

37, 

.27 

38. 

.23 

39. 

.28 

40. 

,45 

-0 

.52 

-0.60 

2 

00 

40, 

,25 

41 

,13 

42, 

.12 

43 

.20 

44. 

,38 

45. 

.70 

— 0 

.58 

-0.67 

2 


44. 

.70 

45 

.68 

46, 

.77 

47. 

.97 

49, 

,30 

50. 

,75 

— 0 

.65 

-0.75 

2 

30 

48, 

,95 

50 

.03 

51. 

.22 

52. 

.53 

53. 

,98 

55 . 

,58 

— 0 

.72 

-0.82 

2 

45 

53, 

,00 

54, 

.17 

55. 

,45 

56. 

.87 

58. 

,42 

60. 

15 

-0 

.77 

-O.SS 

3 

00 

56, 

,80 

58 

.05 

59, 

.42 

60. 

.93 

62. 

,62 

64. 

47 


.83 

-0.95 

3 

15 

60. 

,37 

61 

.68 

63. 

,13 

64. 

,75 

66. 

,52 

68. 

48 

— 0 

.88 

-1.00 

3 

30 

63, 

,67 

65 

.05 

66. 

,58 

68. 

.27 

70. 

,13 

72. 

20 

-0 

.93 

-1.05 

3 

45 

66. 

,68 

68 

.13 

69. 

,73 

[ 71. 

,50 

73. 

,45 

75. 

60 

-0 

.97 

-1.10 

4 

00 

60. 

,40 

70 

,90 

72, 

,57 

74, 

,40 

76. 

43 

78. 

67 

-1 

.02 

-1.15 

4 

15 

71. 

,82 

73 

.38 

75. 

,10 

76. 

,98 

79. 

,08 

81. 

38 

-1 

. 05 

-1.20 

4 

30 

73, 

,93 

75 

,53 

77. 

,30 

79, 

,23 

81 . 

,38 

83. 

75 

-1 

.07 

-1.23 

4 

45 

75. 

,73 

77, 

.35 

79. 

,15 

SI. 

.13 

S3. 

,33 

85. 

75 

-1, 

.10 

-1.25 

5 

00 

77. 

,18 

78 

.85 

80. 

67 

82. 

68 

84. 

,92 

87. 

38 

~1 

,13 

-1.27 

5 

15 

78, 

32 

79 

.98 

81 . 

83 

83. 

83 

86, 

13 

88, 

63 

-1, 

.15 

-1.28 

5 

30 

79, 

.12 

80 

.80 

82. 

,67 

84, 

,72 

86. 

,98 

80. 

50 

— 1, 

,15 

-1.30 

5 

45 

79, 

,57 

81. 

.25 

83. 

,12 

85. 

,18 

87. 

,45 

89. 

97 

-1, 

.15 

-1.30 

6 

00 

79. 

,68 

81 

.37 

83. 

22 

85. 

28 

' 87, 

,55 

90. 

07 

— 1, 

,17 

-1.30 

6 

15 

79. 

,43 

81 

.12 

82. 

97 

85. 

,02 

87. 

28 

80. 

77 

— 1, 

.15 

-1.30 

6 

30 

78, 

,87 

SO 

.53 

82. 

37 

84. 

,40 

86. 

63 

80. 

10 

~ 1 , 

.13 

- 1.28 

6 

45 

77. 

,97 

79, 

.60 

81. 

,42 

S3. 

40 

85, 

62 

88. 

05 

— 1, 

,12 

-1.27 

7 

00 

76. 

,73 

78, 

.33 

80. 

10 

82. 

07 

84. 

23 

86. 

62 

-1, 

10 

-1.25 

7 

15 

75. 

,17 

76 

.73 

78. 

47 

80. 

,38 

82. 

50 

84. 

83 

~ 1 , 

OS 

-1.22 

7 

30 

73. 

28 

74. 

.82 

76. 

,50 

78. 

35 

80. 

,42 

82. 

68 

— 1, 

.07 

-1.20 

7 

45 

71. 

,10 

72, 

.57 

74. 

,20 

76. 

,00 

77. 

,98 

80. 

18 

-1, 

.03 

-1.15 

8 

00 

68. 

.60 

70 

.02 

71. 

60 

73. 

33 

75. 

23 

77. 

35 

-1. 

.00 

-1.10 

8 

15 

65 . 

.83 

67 

.18 

68. 

6S 

70. 

35 

72. 

, IS 

74. 

20 

-0. 

.95 

-1.07 

8 

30 

62. 

,77 

64 

.07 

65. 

48 

67. 

,07 

68. 

,82 

70. 

73 

-0. 

,90 

-1.02 

8 

45 

59. 

45 

60, 

.67 

62. 

,02 

1 63. 

52 

65. 

17 

66. 

98 

-0. 

,85 

-0.97 

9 

00 

55. 

,88 

57, 

.03 

58. 

30 

59. 

,72 

61. 

23 

62. 

95 


,80 

-0.90 

9 

15 

52. 

,08 

53 

.15 

54. 

33 

55. 

63 

57. 

07 

58. 

65 

— 0. 

,75 

-0.83 

9 

30 

48. 

,07 

49 

.05 

50. 

,13 

51. 

33 

52. 

65 

54. 

12 

— 0. 

,70 

-0.77 

9 

45 

43. 

.85 

44, 

.73 

45. 

,73 

46. 

,82 

48. 

,02 

49. 

35 

-0. 

63 

-0.70 

10 

00 

39. 

,45 

40 

.25 

41. 

,13 

42. 

,12 

43. 

20 

44. 

40 

-0. 

,57 

-0.63 

10 

15 

34. 

.88 

35 

.58 

36. 

,37 

37. 

23 

38. 

20 

39. 

25 

~ 0 . 

50 

-0.57 

10 

30 

30. 

.17 

30 

.78 

31. 

,47 

32. 

20 

33. 

03 

33. 

95 

— 0. 

43 

-0.48 

10 

45 

25. 

,33 

25 

.85 

26. 

.42 

27. 

05 

27. 

73 

28. 

50 

— 0. 

37 

-0.40 

11 

00 

20. 

.40 

20 

.82 

21. 

.27 

21. 

,77 

22. 

23 

22.. 

95 

— 0. 

SO 

-0.33 

11 

15 

15. 

,37 

15 

.68 

16. 

03 

16. 

40 

16. 

83 

17. 

28 

-0. 

22 

-0.25 

11 

30 

10. 

.28 

10 

.48 

10. 

,72 

10. 

97 

11. 

25 

11. 

57 

— 0. 

15 

-0.17 

11 

45 

05. 

.15 

05 

.25 

05. 

37 

05. 

50 

05. 

63 

05. 

78 

— 0. 

07 

-0.08 

Elongation 
azimuth 
hour angle 

o t 

1 19.68 
h m s 

5 57 21 

o t I 

1 21.37 
h m si 
5 57 08 

o / 

1 23.23 
h m s 

5 56 54 

1 25.30 
h m s 

5 56 39 

O / I 
1 27.57 
h m a 

5 56 241 

1 30 
h m 
5 56 

1.08 

8 

1 08 

-1. 

B 

+ 2 

15 

-1.30 

s 

4-3 
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Table III. — Azimuths op PoiiARis at Akty Hour Angle {Continued) 


Hour angle 
before or after 


Azimuths of Polaris computed for declination 
88 ° 51 ' 

Azimuths given in minutes 


Correction for 
1' increase in 
declination of 
Polaris 


uijper^ 


culmination 

Lat. 


Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 



40° 

42° 

44° 

46° 

48° 

50° 

40° 

50° 

h 

0 

m 

15 

06.00 

06.18 

06.40 

06.63 

06.90 

07.20 

-0.08 

-0.10 

0 

30 

11.95 

12.35 

12.77 

13.23 

13.77 

14.35 

-0.17 

-0.22 

0 

45 

17.87 

18.45 

19.08 

19.78 

20.57 

21.45 

-0.27 

-0.32 

1 

00 

23.70 

24.47 

25.30 

26.23 

27.28 

28.45 

-0.35 

-0.42 

1 

15 

29.43 

30.37 

31.42 

32.57 

33.87 

35.30 

-0.43 

-0.53 

1 

30 

35.02 

36.13 

37.38 

38.77 

40.30 

42.02 

-0.52 

-0.63 

1 

45 

40.45 

41.75 

43.18 

44.77 

46.55 

48.52 

-0.60 

-0.72 

2 

00 

45.70 

47. 17 

48.78 

50.58 

62.58 

54.82 

-0.67 

-0.82 

2 

15 

50.75 

52.37 

54.17 

56.15 

58.37 

60.85 

-0.75 

-0.90 

2 

30 

55 . 58 

57.35 

53.30 

61.48 

63.90 

66.62 

-0.82 

-0.98 

2 

45 

60.15 

62.07 

64.18 

66.53 

69.15 

72.07 

-0.88 

-1.07 

3 

00 

64.47 

66.50 

68.77 

71.28 

74.08 

77.20 

-0.95 

-1.13 

3 

15 

68.48 

70.65 

73.05 

75.72 

78.68 

82.00 

-1.00 

-1.20 

3 

30 

72.20 

74.48 

77.00 

79.82 

82.93 

86.42 

-1.05 

-1.27 

3 

45 

75.60 

77.98 

80.62 

83.55 

86.82 

90.45 

-1.10 

-1.33 

4 

00 

78.67 

81.13 

83.88 

86.90 

90.30 

94.08 

-1.15 

-1.38 

4 

15 

81.38 

83.93 

86.77 

89.90 

93.40 

97.28 

-1.20 

-1.43 

4 

30 

S3 . 75 

86.37 

89.27 

92.50 

96.10 

100.07 

-1.23 

-1.47 

4 

45 

85.75 

88.43 

91.38 

94.68 

98.33 

102.42 

-1.25 

-1.50 

5 

00 

87.38 

90.10 

93.10 

96.45 

100.17 

104.32 

-1.27 

-1.52 

5 

15 

88.63 

91.38 

94.42 

97.80 

101.57 

105.75 

-1.28 

-1.53 

5 

30 

89.50 

92.27 

95.33 

9G.73 

102 . 52 

106.73 

-1.30 

-1.55 

5 

45 

89.97 

92.75 

95.83 

99.23 

103.03 

107.27 

-1.30 

-1.57 

6 

00 

90.07 

92 . 83 

95.92 

99.32 

103.10 

107.32 

-1.30 

-1.55 

6 

15 

89.77 

92.53 

05.58 

98.97 

102.73 

106.93 

-1.30 

-1.55 

6 

30 

89.10 

91.83 

94.85 

98.20 

101.93 

106.07 

-1.28 

-1.53 

6 

45 

88.05 

90.73 

93.72 

97.02 

100 . 68 

104.77 

-1.27 

-1.52 

7 

00 

86.62 

89.25 

92.18 

95.42 

99.02 

103.03 

-1.25 

-1.48 

7 

15 

84.83 

87.40 

90.27 

93.42 

96.93 

100.85 

-1.22 

-1.45 

7 

30 

82.68 

85.18 

87.97 

91.03 

94.45 

98.27 

-1.20 

-1.42 

7 

45 

80.18 

82.60 

85.28 
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Thp Sidereal Day . — The stars apparently make one more revolution 
around the earth in one year owing to the fact that the earth has made a 
revolution as it has gone around the sun. This makes one revolution 
of the stars occur every 23 hours 56 minutes. This interval is known 
as the sidereal day. 

Local Time . — The solar time for the place of observation is known as 
local mean time. The meridian through Greenwich, England, has 
been adopted as the zero meridian and all tables are based on Greenwich 
time- The difference between Greenwich mean time and local mean 
time is 4 minutes for each degree of longitude. 

Civil Time . — Civil time is measured from midnight, 12 hours 
before mean noon of the same date. The '^American Ephemeris 
and Nautical Almanac'^ uses Greenwich civil time. 

Standard Time . — The United States has been divided into a number 
of time belts of 15 degrees width in longitude. These are : Eastern, the 
local mean time of the 75th meridian, 5 hours slower than Greenwich; 
Central, the local mean time of the 90th meridian, 6 hours slower 
than Greenwich; Mountain, the local mean time of the 105th meridian, 
7 hours slower than Greenwich; Pacific, the local mean time of the 
120th, 8 hours slower than Greenwich. 

PROBLEMS WITH THE TRANSIT 
Problem Dl.. Angles of a Triangle with Transit 
a. Equi'pment. — Transit, 2 flag poles, reading glass. 

h. Problem . — Measure the angles of a given triangle with the transit. 
c. Methods. — (1) Set the transit over one of the vertices of the triangle 
and plumb a transit pole over each of the two others. (2) Set the A vernier 
to read zero, sight at the left-hand point approximately, clamp the lower 
motion and make an exact bisection with the lower tangent movement. 
(3) Unclamp the upper motion,* sight at the right-hand point approximately 
and make an exact bisection with the upper tangent movement. (4) Read 
the A vernier to the nearest single minute. This reading is the angle sought. 
(5) With the A vernier set to read zero repeat the measurement, sighting 
first at the right-hand station and then at the left. The recorded value 
of the angle is to be the mean of these two determinations which must not 
differ by more than 1 minute. (6) Measure the other angles in like manner. 
The error of closure must not exceed 1 minute. Follow the prescribed fcft'm. 

Problem D2. Prolongation of a Line with Transit 

a. Equi'pment. — Transit, 2 flag poles, axe, 6 hubs, 6 flat stakes, tacks. 
h. ProbZem.—Prolong a 300-foot base line successively with the transit. 
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by the method of double sights about 1,500 feet, and check on a hub previ- 
ously established. 

c. Methods. — (1) Drive two hubs, A and F, about 1,500 feet apart. (2) 
Set the transit over a tack in hub A, sight at the flag pole plumbed over a 
tack in hub F, drive the hub B about 300 feet from the transit and locate 
a tack in the line very carefully. Hemove the flag pole from hub F. (3) 
Set the transit over hub B, back sight on hub A and clamp the vertical 
axis. (4) Reverse the telescope, drive hub (7 at a distance of about 300 
feet and mark the line very carefully with a pencil. (5) Reverse the transit 
in azimuth, sight on hub A; reverse the telescope and locate a second point 
on hub C. Drive a tack midway between these two points. (6) Set the 
transit over the mean point on hub C, back sight on hub B, prolong 300 
feet and set hub D by double sights. (7) Set over hub D, back sight on 
hub C,' prolong 300 feet and set hub Ej as before. (8) Finally prolong from 
hub Ei with back sight on Z), and establish a mean tack at terminal hub 
F. Record the collimation errors at C, D and E, and the final error at F. 
Follow the form. 

Problem BS. Intersection of Lines by Transit 

a. Equipment. — Transit, 2 flag poles, plumb bob string, axe, 6 hubs, 6 flat 
stakes, tacks, marking crayon. 

h. Problem . — Determine the intersection of the bisecting lines of two 
angles of a triangle and check by bisecting the third angle. 

c. Methods. — (1) Drive and tack three hubs so as to form a triangle 
approximately equilateral and having sides about 400 feet long; properly 
witness the hubs with guard stakes. (2) Set the transit over one of the 
vertices of the triangle, and measure the angle as in Problem Dl. (3) Set 
two hubs on the bisecting line, about 6 feet apart, so that the point of 
intersection of the bisecting lines will come between them, and mark the 
line by stretching a string between the hubs. Check by measuring each 
half angle independently. (4) Set the transit over one of the other vertices 
of the triangle, measure the angle and determine the bisecting line as at 
the first point. (5) Drive a hub at the intersection of the two bisecting 
lines and mark the exact point with a tack; check by measuring each half 
angle independently. (6) Set the transit over the third vertex and deter- 
mine the angular and linear error of intersection. (7) As a final check 
measure the angles around the point of intersection of the bisectors. The 
angular error of closure of any triangle should not exceed 1 minute. Follow 
the form. 


Problem B4. Referencing Out a Point 

a. Equipment. — Transit, 2 flag poles, 100-foot steel tape, axe, 6 hubs* 
6 flat stakes, marking crayon, tacks. 

5. Problem , — ^Reference out a point with a transit and tape. 
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c. Methods. — (1) Drive two hubs about 500 feet apart and mark them 
with guard stakes. (2) Set the transit over one of the hubs and reference 
it out as shown in the diagram. All hubs should be driven flush with the 
ground, and the exact points should be marked by means of tacks driven 
into the tops of the hubs. Record in proper form. 
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Problem B6. Triangnlation across River 

a. Equipment. — Transit, 2 flag poles, 100-foot steel tape, axe, 4 hubs, 
4 flat stakes, tacks. 

h. Pro6Zem.— Determine the distance across an imaginary river by tri- 
angulating with the transit and check by -direct measurement. 

c. Methods . — (To be devised by the student. Use this and the next 
problem to learn the relative merits of several good methods. The “rule 
of ten” method in the sketch in Fig. 24& is very rapid and also quite 
accurate.) 


Simple and Rapid Methods oPTrianguIabfon. 

WWW \\w\w 
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Problem D6. Passing Obstacle with Transit 

a. Equipment. — Transit, 100-feet steel tape, 2 flag poles, axe, hubs, flat 
stakes, tacks. 

h. Problem . — Prolong a line beyond an imaginary obstacle by three 
methods and check by direct measurement. 

c. Methods . — (To be devised by the student.) 

Problem D7. Traverse of Field with Transit 

a. Equipment. — Transit, 2 flag poles, 100-foot steel tape. 

h. Problem . — Determine the deflections of the sides of an assigned field 
with the transit, check the angles by observing the magnetic bearings, and 
measure the lengths of the sides with a steel tape. 
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c. Methods, — -(1) Set the transit over one corner of the field, set the A 
vernier to read 180 degrees and sight at a flag pole plumbed over the point 
to the left with the telescope normal. Head and record the magnetic 
bearing. (2) Keep the telescope normal and sight at the next point to 
the right. The reading of the A vernier vvill be the deflection of the second 
line. (3) Head and record the magnetic bearing and compare the transit 
and magnetic deflections. (4) Hepeat this process for the remaining corners 
of the polygon taken in succession to the right. Deflections will be based 
on duplicate readings agreeing -within 1 minute. (5) Measure the sides 
to the nearest 0.01 foot with the tape. Compare the tape with the standard 
at the beginning and conclusion of the chaining. (6) From the observed 
deflections determine the bearings of the field assuming one side as a true 
meridian. The angular error of closure must not exceed 1 minute. Hecord 
and reduce data as in the prescribed form. Should a side of the field be 
obstructed, use one or more auxiliary points [see (c) of D8]. 

[Most engineers prefer ^^plunge reversals to the above method of plate 
reversals.'^ To avoid the eolhmation error involved in a single plunge 
reversal, the principles of double sights must be used and the mean angle 
taken. To save time, some engineers try to keep the transit always in 
first-class adjustment, so as to omit one altitude reversal in the plunge” 
method, and some turn the transit end for end (reverse in azimuth) every 
setting or so.] 


Problem D8. Area of Field with Transit 

a. Equipment, — ^Five-place table of logarithms. 

5- Problem, — Compute the area of the assigned field by means of latitudes 
and departures. 

c- Methods. — (Follow the instructions in the corresponding problem 
with the compass, Problem B4, preserving the same degree of precision in 
the computed latitudes and departures as in the field measurements. In 
case auxiliary stations are used on an obstructed side of the field, calculate 
the latitudes and departures of the polygon actually traversed in the field, 
and then to find the area drop the false corners in calculating the meridian 
distance and the latitude of the real side of the field.) 

Problem D9c Staking Out a Building 

a. Equipment. — Transit^ 100-foot steel tape, 2 flag poles, axe, hubs, tacks, 
plan of building. 

h. Problem. — On an assigned plot of ground stake out the assigned 
building. 

c. Methods. — (1) Orient one side of the enclosing rectangle with reference 
to a true meridian or a street line. (2) Locate and check up the corners of 
the rectangle by setting over each corner in turn, passing around to the 
right, back-sighting on the corner to the left- turning off 90 degrees and 
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locating the corner to the right. (3) Locate the corners of the building by 
setting stakes on the side lines of the building produced, using the rectangle 
as a base line. (4) Check all stakes by additional measurements. The 
rectangle should close to the nearest minute; the linear error should not 
exceed 1:50,000. Follow' the form. 

Probleni DIO. Height of Tower with Transit 

a. Equipment . — Complete transit, 2 flag poles, leveling rod, 100-foot 
steel tape, axe, hubs, tacks. 

h. Problem . — Determine the height of an assigned tower with the transit 
and steel tape. 

c. Methods. — (1) Set the transit over a hub located a little farther from 
the base than the height of the tower. (2) Level the instrument very 
carefully with the attached level and determine the index error of the vertical 
circle. (3) Bring the bubble of the attached level to the center and read a 
level rod held on the base of the tower. (4) Sight at the top of the tower, 
read the vertical angle, correct for index error and record. (5) Reverse 
the telescope and locate a second point at least as far from the first as the 
height of the tower, check by double sights. (6) Set the transit over the 
second hub, sight at the top of the to-wer and read the vertical angle, as 
before. (7) Read the level rod on the base of the tower as before. Each 
angle and rod reading is to be based on duplicate readings. Follow the 
form. 


Problem Dll. Survey of Line Shafting 

a. Equipment. — Engineers’ transit with attached bubble, leveling rod (or 
instead of these engineers’ instruments, a 16-foot metal-bound straight-edge 
with an adjustable bubble of say 20-foot radius, a long braided fishing line, 
and 3 long metal suspenders made exactly alike, from which to suspend the 



Fig. 24c. 
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dght-edge from the line of shafting), 2 good plumb bobs, a 50-foot etched 
j 1 tape, copper tacks, hatchet. 

. Problem . — Make a survey of a line of shafting in a machine shop, and 
iblish a true alinement for it, both vertically and transversely. 

Methods. — (1) Establish a reference line for laicjral deviations and 
efully mark the same. (2) Select a suitable permanent bench mark to 
ich the levels may be referred. (3) Determine the horizontal distance 
m the vertical reference plane to the line shafting at selected points, say 
each hanger. (4) Determine the elevations of the same points by the 
thods of profile leveling. (5) Plot the data as suggested in the aiagram. 
Note the ruling points and permissible change both laterally and verti- 
ly at each hanger, and record the data. (7) Lay grade lines, and prepare 
fca to shift the line shafting to a true position. (8) Make a complete 
;ord of results. 


Problem B12. Survey of Race Track 

а. Equi'pment . — Outfit for transit party (instrument assigned, a long wire, 
y No. 20, spring balance, thermometer, etc.). 

б. Problem . — Make the survey for a race track, as instructed. 



Aub-board. The /mer edge of the tnach h thus iir'T==/8.Shfeet 
shorter thajj the standard distance. The tract /shanked'* on 


curves fro/7? I: IT to 1:13, a/?d, to provide dra/hage, shou/d be sloped 
one foot on the straight stretches. The ends o^ci/rvesareso/ne* 
ilmes flattened,. 


Fia. 24d. 
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c. Methods. — (1) Standardize steel tape, noting temperature and pull. 
(2) Make a careful examination of the tract of land with a view to secure the 
best location for the race track as regards visibility, drainage, economy of 
construction and maintenance, etc. (3) After fixing the ruling points, 
establish the principal axis of the track by locating the centers of the two 
semi-circles and the intersections of the axis with the curves; also establish 
the ends of the curves, preferably on the true measured line (3 feet from the 
hub plank for a sulky track, and 18 inches from the inner edge for a bicycle 
track). (4) Run in each quadrant, either by the deflection angle method, or, 
if trees or other obstructions do not prevent, by using the wire as a radius 
with observed pull; set points 16 feet apart unless instructed otherwise. 

(5) After locating the true line, check up the total distance very carefully. 

(6) Make a plat and a complete record of the survey. 

Problem D13. Angles of Triangle by Repetition 

a. Equipment, — Transit, reading glass, 2 chaining pins, 2 tripods with 
plumb bobs (if necessary). 

h. Problem . — Measure the angles of a prescribed triangle with transit 
by repetition. 

c. Methods, — (1) Set the transit over one of the vertices of the triangle 
and set chaining pins in the tops of the monuments at the two others. (2) 
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I The next morning lay off the azimuth of Polaris for each observation to 
3 east or west, depending upon whether the observation was made at 
iStern or eastern elongation. (10) Check the observed meridian with the 
mdard meridian. The error of the mean of the four observations should 
t exceed 1 minute. Record and reduce the data as in the form. 

roblem D16, Determination of True Meridian by Observation on Polaris 

at Any Time 

а. Equipment , — The same as in Problem D14. 

б. Problem , — Determine a true meridian by observing Polaris at any 
me. 


Determination of True Meridian |by Obs- on Polaris at any Time* 


No 

Obs 

Bub- 

ble 

Siandard 
Time cf 
Obs- 

MednSolarj Hour 
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Calcul ation 

Mean Solar Ttme Upper Culmination 
Astronomer/ Time U C Polaris, Nov- 22^‘So-S^ 
Reductforo lo Nor'5,/93l ^x55‘l - IS--4- 

Time U-C Po/srTs, Uo^-5J93} 22^-38^J^\ 

Dechrafion Nov.5,I92T 68° S6’ 

/four Angle cA Foisr/s =Mesn So fair Time 
oF Chs- Mean Sn/ar Ti'me , 

L'-C- Fafar/s 

\r//ne ar^cmenf = //oar A ng/e oF Fa fsr-Ts 
far FJ J/aar An<g/eJ 

Asfranajr?/caf Time flaca/ Mean Sa/ar-J 
js reeJeoned From /2 a block Foor? on 
\ine C/vTf Fay oF Ffye ^ame date- 


Obeeryere ' J-Fce 

TJoy- S, /FJ/ (FFoc/rsJ C/ear Ap IVsrm- 
BuFF A? Berger Trane/f Tf R9j F /an ferns, 
hobs, F F/a f 3 fakes, plank 30 "<4 "n F", 
4-BdnaiJSf watch set to keep Fa//-' 
road or Sfandard T/me, sjce- 
transit oyer hub at SMS P-t/-, 
sighted afFotar/s, depressed fetes-' 
cope and established fargefSbS Fh 
Fran? Instru/nenf, the p/anJo was 
placed ah right ang/es fo /the an at 
naitect to a stake driVe/? a teach end* 
5ef yert/cat ha/r on star, noted 
t/me, depressed the tetescope 
and marked t/ne on target w/th 
pencil' 

Nov.6,/93J fFFrsI 
Pedi/ced ctse ra- 
tions using Azi- 
muth Tabtes- 
la Id oFFAcTmuth 
to the Fast and 
measured ang/e 
i^ith the Frue 
Mer/d/an « 


Polaris at Tfme 
of Observation 



c. Methods . — Make the observations as described in Problem D14, noting 
the time of observation to the nearest minute, and reversing the instrument 
in altitude and azimuth between the third and fourth observations. The 
transit should be leveled up very carefully with the attached bubble, 
particular attention being given to the horizontal plate level at right angles 
tb the line of sight. (2) Reduce the observations by means of the tables. 

The hour angle of Polaris is found by subtracting the correct local mean 
solar time of upper culmination, Table II, from the local mean solar time 
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The time argument used in entering Table III is the hour angle of Polaris, 
or 23 hours 5b. 1 minutes minus the hour angle of Polaris. Table III is 
used as follows: Find the “hours and minutes'^ of the time argument in the 
left-hand column of either page of Table III. On the horizontal line with 
the “time before or after upper culmination^' (time argument), the azimuth 
of Polaris for a declination of Polaris of 88 degrees 51 minutes will be found 
in the column under the given latitude. The correction to the azimuth for 
each minute of change in declination of Polaris are given in the last two 
columns on each page. The changes for latitudes between 30® and 40® 
and between 40° and 50° may be interpolated. The declination of Polaris 
at any date may be found from Table II. For example, the azimuth of 
Polaris with a time argument of 9 hours 15 minutes in latitude 40°, on 
April 21, 1931, was as follows: From Table II the declination of Polaris 
on April 15 was 88 degrees 56 minutes 7 seconds. From Table III for 
declination 88 degrees 51 minutes the azimuth of Polaris was 58.65 minutes; 
the correction for 5.1 minutes was 0.83 X 5.1 = 4,23 minutes, and the 
azimuth was 58.65 minutes — 4.23 minutes — 54.42 minutes. If the exact 
time argument is not found in the table, the azimuth may be found with 
sufficient accuracy by direct interpolation. Azimuths for latitudes between 
values given in Table III may be found by direct interpolation. The nearest 
whole degree of latitude is usually sufficiently accurate. The time used in 
making observations should be correct to the nearest minute, if accuracy 
is desired. 

Tables I and II were supplied by the U. S. Coast and Geodetic Survey, 
R. S. Paton Director. Table III was compiled from “Principal Facts of 
the Earth’s Magnetism,” published by the U. S, Coast and Geodetic Survey, 
1914. 

The observations should be made as near elongation as possible, for the 
reason that Polaris is moving most rapidly in azimuth near culmination 
and errors in observing the time and using the table are then a maximum. 

With careful work the range of six reduced observations should in no case 
exceed 1 minute of ai’C. Record the data and make the calculations as in 
the form. 

The azimuth of Polaris may be calculated by the formula 


cos tan d — sin cos t 

where A — azimuth angle; t = sidereal hour angle; = latitude of station, 
and 5 = declination of Polaris. The product sin 5 cos t -is subtractive 
for hour angles zero to 90 degrees and additive for hour angles from 90 to 
180 degrees. 

Problem D16. Determination of True Meridian with Solar Transit 

a. Equipment. — Complete transit with solar attachment, reading glass, 
solar ephemeris, axe, hubs, tacks. 
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b. Problem . — Determine a true meridian with a solar transit. 

c. Methods . — There are various forms of solar attachments, to transits, 
imong which are the Saegniuller, (a), and the Buff and Berger, (6), Fig. 
lAe; the former is the best known. The theory of all solar attachments in 
general use is the same, and is as follows: In order to bring the image of the 
5un into the center of the solar telescope when the line of collimation of the 
solar telescope makes an angle with the line of collimation of the main 
telescope equal to the sun’s declination corrected for refraction, and the 
Line of collimation of the main telescope is elevated at an angle equal to 
the co-latitude of the place of observation, it is rigidly necessary that the 
line of collimation cf the main telescope lie in a true meridian as shown in 
(6), Fig. 24e. 



Fig. 24e. — Solar transit. 


The elementary lines of a solar attachment are: (1) the polar axis; (2) 
the line of collimation of the solar telescope; (3) the attached level line. 
These lines should have the following relations: (1) The polar axis should be 
perpendicular to the line of collimation of the solar telescope and the hori- 
zontal axis of the main telescope; (2) the line of collimation of the solar 
telescope and the attached level line should be parallel. The methods of 
making these adjustments are obvious. 

The declination of the sun is found from a solar ephemeris. These tables 
are published by most instrument manufacturers such as the Eugene 
Dietzgen Company of New York City, the Keuffel and Esser Company oh 
New York City, orthe BauschnadLamb Optical Company, Bochester, N. Y., 
and may be obtained from them upon request. An ^‘Ephemeris of the Sun 
and Polaris, and Tables of Azimuths of Polaris” is published by the General 
Land Office for each year and may be obtained by addressing the Department 
of Interior, General Land Office, Washington, D. C., or may be purchased 



THE TRANSIT 


117 


at a price of 5 cents per copy from the Government Printing Office, Washing- 
ton, D. C. 

The tables giving declination of the sun are of three types: (1) The 
declination is given for Greenwich mean noon and the declination of the 
sun for the place of observation is found by adding, algebraically, the hourly 
change multiplied by the number of hours since Greenwich mean noon 
(6 A. M., ninetieth meridian) to the decimation of the sun, as given in the 
solar ephemeris for Greenwich mean noon for the given date. (2) The 
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declination is given for Greenwich apparent noon and must be corrected 
by the equation of time to give mean time. (3) The decimation is given 
for Greenwich civil time in which 0 hr. is 12 hours before Greenwich mean 
noon of the same date. The first type of declination table was used in this 
problem. 

The setting (apparent declination) is found by talking the algebraic sum 
of the refraction correction and the declination of the sun obtained as above. 
The refraction is always plus. The decimation is plus when the sun is north 
and minus when south of the celestial equator; and the hourly change in 
decimation is plus when the sun is moving north and minus when moving 
south. 




18 


SURVEYING MANUAL 


'able IV. — Mean Refbaction op the Sun, Bakometer 30 Inches, 
Temperature 50 °F. 


(Refraction makes observed altitude too large) 


Altitude, 

degrees 

Refraction, 

minutes 

Altitude, 

degrees 

1 

Refraction, 

minutes 

Altitude, 

degrees 

Refraction, 

minutes 

10 

5.10 

24 

2.02 

50 

0.70 

12 

4.25 

26 

1.83 

55 

0.58 

14 

3.62 

28 

1.67 

60 

0.48 

16 

3.17 

30 

1.53 

65 

0.38 

18 

2.80 

35 

‘ 1.25 

70 

0.30 

20 

2.48 

40 

1.03 

SO 

0.13 

22 

2.22 

45 

0.85 

90 

0.00 


(1) Calculate the apparent declination (setting) of the sun for several 
different times, varying by 15 minutes, between S and 10 o’clock a. m. and 
2 and 4 o’clock p. m. (2) Set the transit over the hub, level up very care- 
fully with the attached bubble and very carefully adjust the main transit 
and solar attachment. Determine the index error of the vertical circle, 
and either correct it or apply it to all vertical angles with its proper sign. 
(3) Level the transit very carefully with the attached bubble. Bring the 
line of collimation of the main telescope and the line of collimation of the 
solar telescope parallel by sighting on a distant point, and point the main 
telescope south. (4) Set off the apparent declination (setting) with opposite 
sign on the vertical circle, that is, dip the telescope when the declination is 
plus (north), and elevate the telescope when the declination is minus 
(south). (5) Level the solar telescope by means of its attached bubble. (6) 
Set off a plus vertical angle on the vertical circle equal to the co-latitude of 
the place- (7) Set the A vernier at zero and sight at a point on the true 
meridian. (8) Unclamp the upper motion, turn the main telescope about 
its upper motion and the solar telescope about its polar axis until the image 
of the sun is brought to the center of the cross lines in the solar telescope 
at the time for which the declination was computed and clamp the upper 
motion. The line of collimation of the main telescope will then be in the 
meridian. (9) Read the horizontal plates. The reading will be the azimuth 
of the line first sighted on. (10) Repeat, using the setting corresponding to 
the time of observation, until 10 values are obtained. If possible make five 
determinations in the a. m., and five in the p. m., about the same time from 
noon. The mean of the observations will eliminate instrumental errors. 
The most favorable time for making observations with a solar transit is 
from 8 to 10 a. m. and from 2 to 4 p. m. (11) Determine the true azimuth 
of the given line. The error of the determination of the meridian should 
not exceed 1 minute. Record as in the form. 
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Problem D17- Determination of True Meridian by Direct Observation on 

the Sim 

a. Equipment. — Complete transit, reading glass, hub, axe, colored eye- 
piece or colored shade to fit over objective, good watch set to keep standard 
time, solar ephemeris. 
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Date 3e Time 

On Mark- 

On Sun 

Direct 
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Log-S/n- 7I''79'50"= 9-29529 
Co-7og- Sjh - 43‘’57'56 O -75850 
Co-Jog- Sin- 49°54'00'’'- 0-77638 

2] 7 9-56447 -20 
log-Cos-iPZ5 = 9-78224 

iPZS =: 52 "43 '78" 

PZ5 i 705 "26 '36" 

Azfmufh of Sun from tTie North = 705 '’2 6 '36'’ 

Ang7e between Sun snS. Msrk. = 80''05'3S" 

Observed Azimuth from North Station to Mark = 78S‘'52'27 " 
True Azimuth from. North Station to Mark. = ISS^SZ' OO " 

frror 27 " 



Fig. 25. — Direct solar observations. 


b. Problem . — Determine a true meridian by a direct observation on the 
sun with a transit. 

c. Methods . Set the transit over a hub and level up very carefully 
with the attached bubble. . (2.). Test the adjustments of the transit very, 
carefully, and determine the index error of the vertical .circle..^ jl3h.Sight..QXL 
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horizontal mark and read the horizontal plates. (4) Sight at the sun 
rectly, by the aid of the colored eyepiece or colored glass shade, and bring 
s image tangent to the horizontal and vertical wires. (5) Read the vertical 
rcle and horizontal plates. (6) Reverse the telescope and make a second 
Dservation the same as the first except that the sun should be in the opposite 
uarter of the field of view. (7) The mean of the vertical and horizontal 
Lrcle readings will give the apparent altitude and plate reading of the sun’s 
enter. (8) Observe the standard time of the observation and reduce to 
lean solar time by adding or subtracting 4 minutes for each degree that the 
lace of observation is east or west of the standard meridian. (9) Calculate 
he angle PZS in the P Z S triangle as shown in the accompanying form. 
Refraction makes the sun appear too high and it should therefore be sub- 
racted. (10) Determine the azimuth of the line from the hub to the mark 
ind check the observed azimuth. (The data for this problem may be 
)btained from Saegmuller’s “Solar Ephemeris and Refraction Tables,” or 
rom the “Ephemeris of the Sun and Polaris, and Tables of Azimuths of 
Polaris,” published by the General Land OfiSce, mentidned in Problem D16. 
Mean refraction of the sun for different altitudes is given in Table IV.) 
(11) Where considerable accuracy is desired, make a second observation 
when the sun is about the same distance on the opposite side of the meridian. 
The error of the determination should not exceed 1 minute. 

Problem D18. Comparison of Transit Telescopes 
a. Equipment . — Five engineers’ transits. 

h. Problem . — Make a critical comparison of the telescopes of five engi- 
neers’ transits. 

c. Methods . — Follow the methods outlined in the comparison of level 
telescopes. 


Problem D19. Test of a Transit 

a. Equipment. — Transit, reading glass, leveling rod, chaining pins, foot 
rule. 

h. Problem . — Test the following adjustments of an assigned transit: (1) 
Test the graduation for eccentricity. (2) Test the plate levels to see if they 
are perpendicular to the vertical axis. (3) Test the line of collimation to 
see if it is perpendicular to the horizontal axis. (4) Test the horizontal 
axis to see if it is perpendicular to the vertical axis. (5) Test the level 
under the telescope to see if the tangent to the tube at the center is parallel 
to the line of collimation. (6) Test the vertical circle, to see if the vernier 
reads zero when the line of sight is horizontal. 

c. Methods . — Make the tests as described in the first part of this chapter 
but do not make any of the adjustments or tamper with any of the parts of 
the instrument. Check each test. Make a careful record of the methods 
and errors, including a statement of the manner of doing correct work with 
adiustment out. 
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Problem D20. Adjustment of a Transit 

а. Equipment — Transit, reading glass, leveling rod, chaining pins, adjust- 
ing pin, small screw driver. 

б. Problem , — Make the following tests and adjustments of an assigned 
transit that has been thrown out of adjustment by the instructor: (1) Test 
the graduation for eccentricity. (2) Adj-ust the plate levels perpendicular 
to the vertical axis. (3) Adjust the line of collimation perpendicular to 
the horizontal axis. (4) Adjust the horizontal axis perpendicular to the 
vertical axis. (5) Adjust the level under the telescope parallel to the line of 
collimation. (6) Adjust the zero of the vertical circle to read zero when the 
line of sight is horizontal. (7) Center the eyepiece. 

c. Methods . — Make the tests and adjustments as described in the first 
part of this chapter. Use extreme care in manipulating the screws and if 
any of the parts stick or work harshly, call the instructor’s attention before 
proceeding. Kepeat the tests and adjustments. Make a careful record of 
methods and errors. 


Problem D21. Sketching a Transit 

a. Equipment. — Engineers’ transit. 

b. Problem . — Make a first-class sketch of an engineers’ transit. 

c. Methods . — (See similar problem with the level.) 
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Problem D22. Error of Setting Flag Pole with Transit 
Equip^nent. — Transit, iron flag pole, flat stake 1 X 2 X 15 inches, foot 

Determine the probable error of setting a flag pole with the 
Lsit at a distance of 300 feet. Repeat for 600 feet. 

Methods, — (1) Set the transit up and sight at the flag pole plumbed 
r the middle of the stake at a distance of about 300 feet. (2) Measure 
distance from the point of the flag pole to a mark on the stake. (3) 
3 p the vertical axis clamped, and move the pole to one side. (4) Set the 
e with the transit, and measure the distance from the first line. (5) 
peat until at least 10 consecutive satisfactory results are obtained. (6) 
mpute the probable error of a single observation and of the mean of all 
) observations (see Chapter IX, Errors of Surveying), and reduce the 
an error to its angular value. (7) Repeat for 600 feet. Determine dis- 
ices by pacing. Follow the form. 

Problem D23. Report on Different Makes and Types of Transits 

а. Equipment . — Department equipment, catalogues of the principal 
akers of engineers’ transits. 

б. Prohlem . — Make a critical comparison of the several types of transits 
ade by the different makers. 

c. Methods . — (See similar problem with the level.) 



PART II 

PRACTICE OF SURVEYING 

TyTpes of Surveys. — Surveys may be divided into the following classes : 
(1) those whose primary purpose is to determine the boundaries of 
properties; (2) those necessary for the construction of public or private 
works, such as railroads, highways and dams; (3) those required to 
show the topography and culture of a tract; (4) those required to show 
the hydrography, including soundings, location of bars and velocities 
of the water of ponds, lakes or streams; and (5) those of large magnitude 
and high degree of precision conducted by state or federal government. 
Surveys are also classed as land, railroad, topographic, hydrographic, 
construction, cadastral or city, geodetic, etc. Railway and construction 
surveys often require borings, the determination of the flow of streams, 
the character of the soil and the location of available building materials 
such as sand and gravel. 

The discussion of different types of surveys in this book will be (a) 
topographic surveys including hydrographic surveys, {h) land surveys 
and (c) railway or route surveys. 




CHAPTER VI 


TOPOGRAPHIC SURVEYING 

Topographic Survey. — The object of a topographic survey is the 
production of a topographic map, and hence neither time nor money 
should be wastefuUy expended in obtaining field data more refined than 
the needs of the mapping demand. A topographic survey may be 
divided into three parts: (1) the reconnaissance; (2) the skeleton of 
the survey; (3) filling in the details. 

Reconnaissance , — The reconnaissance is a rapid preliminary survey 
to determine the best methods to use in making the survey and the 
location of the principal points of control. A careful reconnaissance 
enables the topographer to choose methods that are certain to result in a 
better map and a distinct saving of time. 

SJceleton . — There are three general methods of locating the skeleton of a 
topographic survey: (1) tie-line survey with chain only; (2) traverse 
method with transit or compass; (3) triangulation system, (/), Fig. 32. 
The first method is used for the survey of small tracts. The second 
method, in which the distances are measured with the chain, tape, or 
stadia, is used on railroad and similar surveys. The third method, in 
which triangulation, stations are connected with each other and with a 
carefully measured base line and base of verification, is used on surveys 
for small-scale maps and on detailed or special surveys, such as surveys 
of cities and reservoir sites. 

Filling in Details , — There are three general methods employed for 
filling in the details: (1) with transit or compass and chain; (2) with 
transit and stadia; (3) with plane table and stadia. The transit and 
stadia are used by the Mississippi .and Missouri River Commissions. 
The plane table and stadia are used by the U. S. Coast and Geodetic 
Survey and the XT. S. Geological Survey. 

Topographic City Sxirvey. — ^A topographic city survey is one of the 
best examples of a survey for a large-scale map. It is usually based on a 
system of triangulation executed with precision and connected with 
carefully measured base lines. The details of the survey are usually 
taken up in the following order: (1) reconnaissance and location of 
triangulation stations; (2) measurement of base Mne and base of verifica'* 
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tion; (3) measurement of angles by repetition; (4) establishment of 
bench marks by running duplicate levels; (5) adjustment of angles of 
triangulation sj^stem; (6) computation of sides, azimuths and coordi- 
nates; (7) filling in details, usually vdth transit and stadia; (S) plotting 
of triangulation and other important points on the map by rectangular 
coordinates; (9) plotting the details and completing the map. The 
instructions given on the succeeding pages are for a survey of this type. 

Hydrographic Survey. — Hydrographic surveying is divided into river 
and marine. The first includes the location of bars and obstructions to 
na\’igation and the determination of the areas of cross-section, the 
amount of sediment carried, etc. The second includes the making of ’ 
soundings and the location of bars, ledges, buoys, etc. The depth of 
the water is determined by malcing soundings with a lead or rod, and 
the velocity is gaged by means of floats or a current meter, (d), Fig. 33- 

Soundings are located: (1) by two angles read simultaneously from 
both ends of a line on the shore, (/), Fig. 33; (2) by keeping the boat in 
line vdth two flags on shore, and determining the position on the line 
by means of an angle read on the shore, or by a time interval; (3) by 
intersecting ranges, (^), Fig. 33; (4) by stretching a rope or wire across 
the stream; (5) by measuring with a sextant in the boat at the instant 
that the sounding is taken two angles to three known points on the 
shore, (c), Fig. 33; the point is located by solving the three-point 
problem gTaphically with the three-arm protractor, (e), Fig.' 33; (6) by 
locating the position of the boat at the instant that the soundings are 
taken vith transit and stadia. The first three methods are used on 
small river or lake surveys. The fourth method is used where soundings 
are taken at frequent intervals. The fifth method has been used almost 
exclusively in locating soundings in harbors, lakes and large rivers. 
The sixth method is. rapidly coming into general use and, promises to be 
the. favorite method. 

Topographic Map.— A topographic map is one which .shows with 
practical accuracy , all the. drainage, culture and relief features that the 
scale of the map will permit. These features may be grouped under 
three. heads as follows: (1) the culture, or features constructed by man, 
as cities,. \dUages, roads; (2) the hypsography, or relief of surface forms, 
as. hiUs^. valleys, ..plains; (3). the hydrography, or water , features, as 
ponds, streams, lakes.. The. culture is usually represented by conven- 
tional symbols. The surface forms are shown by contours (lines of equal 
h«ight.)^v- QT' -Jiachures*.... The' water features are shown by soundingSrj 
conventional signs for bars, etc. D.etails are given in Problem CTl, 
Chapter for making a contour survey and the use of a contour map 
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is shown in Problem Cl 2. Hachures are shown under topographic 
symbols in Chapter XI, 

Topographic maps may be divided into two classes, depending upon 
the scale of the map. Small-scale topographic maps are made by the 
U. S. Coast and Geodetic Survey and the U. S. Geological Survey, and 
are drawm to a scale of 1 : 62,500, 1 :125,000 or 1 : 250,000, with correspond- 
ing contour intervals of 5 to 50, 10 to 100 and 200 to 250 feet. These 
maps show’ the streams, highways, railroads, canals, etc., in outline 
but do not show any features of a temporary character. For topo- 
graphic symbols, see Chapter XI. 

Lrarge-scale topographic maps are drawn to a scale of 40Q feet to 1 inch 
(1:4800), or greater, wdth contour intervals from 1 to 10 feet, depending 
upon whether the ground is flat or hilly. Roads, streets, dwellings, 
streams, etc., are drawn to scale. Features too small to be properly 
represented w’hen drawm to scale are drawn out of proportion to the 
scale of the map. 

The map prepared as part of the construction survey for the Saluda 
Dam is shown in Fig. 26. 


THE STADIA 

Description. — The stadia is a device for measuring distances by 
reading an intercept on a graduated rod. The stadia-hairs, shown in 



(gr), Fig. 29, are carried on the same reticule as the cross-hairs and are 
placed equidistant from the horizontal hair. The stadia-hairs are 
sometimes placed on a separate reticule and made adjustable. It is, 
however, considered better practice by most engineers to have the stadia- 
hairs fixed and use an interval factor, rather than try to space the hairs 
to suit a rod or to graduate a rod to suit an interval factor. 

Stadia Rods. — ^8tadia rods are always of the self-reading type. In 
Fig. 29, (a) and (5) are the kind used on the U. S. Coast Survey; (c) on 
the U. S. Lake Survey; (d) and (e) by .the U. S.' Engineers. A target 
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for marking on the rod the height of the horizontal axis of the transit 
above the station occupied is shown in (f), Fig. 29. 

Theory of the Stadia. — In Fig. 27, by the principles of optics, rays 
of light passing from points A and B on the rod through the objective 
so as to emerge parallel and pass through the stadia-hairs a and 6, 
respectively, must intersect at the principal focal point d in front of the 
objective; therefore the rod intercept s is proportional to the distance g 
from the principal focal point in front of the objective. 

Stadia Formula for Horizontal Line of Sight and Vertical Rod , — In 
Fig. 27, from similar triangles we have 

s:g::i:f 
f 

From which g — s — k • s 

where ^ is a constant for each transit, 
and D^k-s + (c-Vf) (3) 


( 1 ) 

( 2 ) 



Stadia Formula for Inclined Line of Sight aoid Vertical Rod . — In Fig. 28 


we have 

BD = AE ■ cos a (approx.) (4) 

and D = k ’ s ‘ cos a ~V {c f) (5) 

but H — D ■ cos a (6) 

= ^ • s * cos® a + (c H- /) cos a (7) 

■= k - s — k ■ s • sin® a + (c + /) cos a (8) 

also F *= D • sin a (9) 

= k • s ' sin a • cos a + (c + /) sin a (10) 

== /c • s ' sin 2 a + (c +/) sin a (11) 


Use of the Stadia. — The transit is set up over a station of known 
elevation and with a sciven direction or azimuth to another visible 
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station; the height of the line of colliination above the top of the station 
is determined either by holding the rod beside the instrument and setting 
the target, or preferably by graduating one leg of the tripod and using 
the plumb bob; then vdth the transit oriented on a given line, shots are 
taken to representative points, and a record made of the rod intercept, 
vertical angle and azimuth. In reading the intercept the middle hair 
is first set roughly on the target, then one stadia-hair is set at the nearest 
foot-mark on the rod and the intercept is read with the other stadia-hair, 
after which the precise vertical angle is taken, and the azimuth is read. 

Reducing the Notes. — The notes may be reduced by means of tables, 
diagrams or a special slide rule. The slide rule is the most rapid. There 
are several forms of stadia slide rule that are very accurate and are 
convenient for field use. 



Fig. 29. — Stadia rods. 
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THE PEANE TABLE 

Description. — The plane table consists of an alidade, cari-ying a Line of 
sight and a ruler whth a fiducial edge. The alidade is free to move on a 
drawing board mounted on a tripod. The drawing board is leveled by 
means of plate levels. The line of sight should make a fixed horizontal 
angle with the fiducial edge of the ruler. The complete plane table is a 
transit in which the horizontal limb has been replaced by a drawing 
board. 
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There are three general types of plane tables; (1) the Coast Survey 
plane table, (a), Fig. 30; (2) the Johnson plane table, (6), Fig. 30; (3) 
the Gannet plane table, (cf), Fig. 31. 
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Radiation . — In this method a convenient point on the paper is set 
over a selected point in the field, and the table is clamped. The line 
of sight is then directed toward each point to be located in turn and a 
line is dravni along the fiducial edge of the ruler. The distances, which 
may be determined by measuring with chain, tape or stadia, are plotted 
to a convenient scale, (a), Fig. 32. 




Fig. 32. 
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Traversing. — This method is practically the same as traversing with a 
transit, (6), Fig. 32. Care should be used in orienting the plane table 
to get the point on the paper over the corresponding point on the ground 
as nearly as the character of the work requires. 

Intersection. — In this method the points are located by intersecting 
lines drawn from the ends of a measured base line, (c), Fig. 32. 

Resection. — In the resection method the plane table is set up at a 
random point and oriented with respect to either three or two given 
points, which gives rise to two methods known respectively as the 
three-point and two-point problems. 

Three-point Problem. — Where three points are located on the map 
and are visible but inaccessible, the plane table is oriented by solving 
the three-point problem. There are several solutions, the best known 
of wiiich are: (1) the mechanical solution; (2) the Coast Survey solution; 
(3) Bessell’s solution; (4) the algebraic solution. The problem is 
indeterminate if a circle can be passed through the four points. 

In the mechanical solution the two angles subtended by the three 
points are plotted graphically on a piece of tracing paper, and the point 
is located by placing the tracing paper over the plotted points. 

In Besselhs solution, (d). Fig. 32, a, b, c are three points on the map 
corresponding to the three points. A, B, C on the ground, and D is the 
random point at the instrument whose location, d, it is desired to find 
on the map. Construct the angle 1 with vertex at point c as follows: 
Sight along the line ca at the point A, and clamp the vertical axis. 
Then center the alidade on c and sight at B by moving the alidade, and 
draw a line along the edge of the ruler. Construct the angle 2 with 
vertex at a in the same manner. The line joining b and e will pass 
through the point d required. Orient the board by sighting at B with 
the line of sight along the line eb, and locate d by resection. 

Two-point Problem. — To orient the board when only two points are 
plotted, proceed as foUows: Select a fourth point, c, that is visible, and 
with these two points as the ends of a base line, (e) , Fig. 32, laid off to a 
convenient scale, locate two points a' and N on the map by intersection. 
The error of orienting the board will be the angle between the lines ah 
and a'b\ The table can now be oriented and the desired point located 
on the board by resection. 

Adjustments. — The adjustments of the plane table are: (1) the plate 
levels; (2) the line of collimation; (3) the horizontal axis; (4) the attached 
level. These adjustments are practically the same as those for the 
transit. 
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THE SEXTANT 

Descxiption. — The sextant consists of an arc of 60 degrees, with each 
half degree numbered as a whole degree, (a). Fig. 33, combined with 
mirrors so arranged that angles can be measured to 120 degrees. 

Theory. — The principle upon w^hich the sextant is constructed is that 
if a ray of light is reflected successively between two plane mirrors, the 
angle between the first and last direction of the ray is twice the angle 
of the mirrors. 



Fig. 33. 
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In (5), Fig. 33, the angles of incidence and reflection are equal, 
i = T and i' = r', and 
AIEH = (i -h r) {V + r') = 2(r - r') 

Z.HC'1 = (90° - i') - (90° - r) = (r - P) 
and therefore Z.IEH — 2AHC'I 

but Z.HC'1 = angle ACIC', by geometry, since the mirrors 

are parallel for a zero reading. 

Use of the Sextant. — To measure an angle between two objects with a 
sextant, bring its plane into the plane of the two objects; sight at the 
fainter object with the telescope and bring the two images into coinci- 
dence. The reading is the angle sought. The angle wiU not be the 
true horizontal angle between the objects unless the objects are in the 
same level with the observer. Since the true vertex of the measured 
angle shifts for different angles, the sextant should not be used for 
measuring small angles between objects near at hand. 

Adjustments. I7idex Glass . — To make the index glass, Z, perpendicu- 
lar to the plane of the limb, bring the vernier to about the middle of 
the arc and examine the. arc and its image in the index glass. If the 
glass is perpendicular to the plane of the limb, the image of the reflected 
and direct portions will form a continuous curve. Adjust the glass by 
means of the screws at the base. 

Horizon Glass . — To make the horizon glass, iJ, parallel to the index 
glass, J, for a zero reading: With the vernier set to read zero, sight at a 
star and note if the two images are in exact coincidence. If not, adjust 
the horizon glass until they are. If the horizon glass cannot be adjusted, 
bring the images into coincidence by .moving the arm arid read the 
vernier. This reading is the index error which must be applied with its 
proper sign to all the angles measured. 

Line of Collimation . — To make the line of collimation parallel to the 
limb : Place the sextant on a plane surface and sight at a point about 20 
feet away. Place two objects of equal height on the extreme ends of the 
limb, and note whether both lines of sight are parallel. If not, adjust 
the telescope by means of the screws in the ring that carries it. 

PROBLEMS IN TOPOGRAPHIC SURVEYING 

Problem El. Determination of Stadia Constants of Transit with Fixed 

Stadia-hairs 

a. Equipment. — Complete transit, stadia rod, steel tape, set chaining pins, 
foot rule. 

h. Problem. — Determine the stadia constants c, / and k for an assigned 
transit. 
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c. Methods, — (1) Set up the transit and set ten chaining pins in line about 
100 feet apart on level ground. (2) Plumb the stadia rod by the side of the 
first pin. (3) Set the lower hair on an even foot or half-foot mark keeping 
the telescope nearly level, and read the upper stadia-hair. {4) Keoord the 
intercept. (5) Read the intercept on the rod at the remaining pins. ^6) 
Measure the distance from the center of the transit to each pin with the steel 
tape. (7) Focus the objective on a distant object, and measure / (the dis- 
tance from the plane of the cross-hairs to the center of the objective) and c 
(the distance from the center of the objective to the center of the instrument). 
(S) Calculate the value of the stadia ratio, kj for each distance by substituting 
in the fundamental stadia formula. (9) Take the arithmetical mean of the 
ten determinations as the true value. (10) Compute the probable error of a 
single observation and of the mean of all the observations. The interval 
factor should be determined by the instrument marx under the conditions 
of actual work. The determination should be checked at frequent intervals 
during the progress of the field work. Follow the prescribed form. 

Problem E2. Stadia Reduction Table 

a. Equipment . — (No instrumental equipment required.) 
h. Prohlem . — Compute a stadia reduction table giving the horizontal 
distances from a point in front of the objective equal to the principal focal 
distance for the stadia intervals from 0.01 foot to 10 feet, for the transit 
used in Problem El. 

c. Methods. — (1) Prepare form for calculation. (2) Compute the hori- 
zontal distances by substituting the different values of s in the stadia for- 
mula. Compute Z)' for values of s varying from 0.01 foot to 0.1 foot varying 
by 0.01 foot; from 0.1 foot to 1 foot varying by 0.1 foot; and from 1 foot to 
10 feet varying by 1 foot. 


Stadia Reduction Table 


Stadia 

reading, 

s 

Distance, 

= ks 

Stadia 

reading, 

s 

Distance, 
D' = ks 

Stadia 
reading, * 
s 

Distance, 
L' = ks 

0.01 

1.2 

0,1 ' 

11.6 

1.0 

115.8 

0.02 

2.3 

0.2 

23.2 

2.0 

231.5 

0.03 

3.5 

0.3 

34.7 

3.0 

347.2 

0.04 

4.6 

0.4 

46.3 

4.0 

463.0 

0.05 

5. 8 

0.5 

57.9 

5.0 

578.8 

0.06 

6.9 

0.6 

69.4 

6.0 

694.5 

0.07 

8.1 

0.7 

81.0 

7.0 

810.2 

O.OS 

9.3 

0.8 

92.6 

8.0 

926.0 

0.09 

10.4 

0.9 

104.2 

9.0 

1,041.8 

0.10 

11.6 

1.0 

115.8 

10.0 

1,157.5 


(c +/) = 1.20 feet k = 115.75 Z) = -}- (c +/) = Z>' -f- (c + f) 
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(To use the table, take the sum of the values of D' corresponding to the 
units, tenths and hundredths of s as given in the table. To the value of L' 
thus obtained add c plus /.) 

Problem E3, Azimuth. Traverse with Transit and Stadia 

а. Equipment. — Complete transit, stadia rod, steel pocket tape. 

б. Problem. — Make a traverse of the perimeter of an assigned field with a 
transit and stadia. 

c- Methods, — (1) Set the transit over one corner of the field and set the A 
vernier to read the back azimuth of the preceding course. (2) Sight at a 
stadia rod held edgewise on the last station to the left with the telescope 
normal, and clamp the lower motion. (3) Read the intercept on the rod to 
the nearest 0.01 fdot. (4) Sight at the target set at the height of first station 
and read the vertical angle to the nearest minute. (The observer should 
measure the height of the horizontal axis above the station with the steel 
pocket tape, or one tripod leg may be graduated and the instrument height 
determined by swinging the plumb bob out against the leg.) (5) Unclamp 
the upper motion, sight at the next station to the right and clamp the upper 
motion. (6) Read the A vernier (this mil be the azimuth of the course). 
(7) Read the intercept on the rod. (S) Measure the vertical angle by 
sighting at the target set at the height of the horizontal axis as before. (9) 
Set the transit over the next station to the right and determine the inter- 
cepts and vertical angles as at the first station. (10) Determine the stadia 
intercepts and vertical angles at the remaining stations, passing around 
the field to the right. (11) Reduce the intercepts to horizontal distances 
before recording- (12) Compute the vertical differences in elevation using 
mean distances and vertical angles. (13) Compute latitudes and departures 
to the nearest foot using a traverse diagram or traverse table. Follow 
form R4. (14) The angular error of closure of an azimuth traverse with a 

transit and stadia should not exceed one minute times the square root of 
the number of sides in the traverse; while the linear error of closure should 
not exceed 1:500. For a discussion of the adjustment of the angles and 
sides of a traverse, see Chapter IX, Errors of Surveying. If consistent, 
distribute the errors in proportion to the several latitudes and departures 
respectively. (15) Compute the area by means of latitudes and departures, 
and reduce to acres. 

Problem E4. Survey of Field Plane Table by Radiation 

a. Equipment. — Plane table, stadia rod, 2 flag poles, engineers’ divided 
scale, drawing paper, 6H pencil. 

h. Problem. — Make a survey of an assigned field by radiation with the 
plane table. 

c. Alethods. — (1) Set the plane table up at some convenient point in the 
field and select a point on the drawing board that will allow the entire field 
to be plotted on the paper. (2) Sight at one of the stations with thO ruler 
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centered on the point on the paper. (3) Draw a line along the fiducial edge 
of the ruler toward the point. (4) Measure the distance to the point with 
the stadia. (5) Lay off the distance on the paper to the prescribed scale. 
(6) Locate the remaining points in the same manner. (7) Complete the 
map in pencil. The map should have a neat title, scale, meridian, etc. (8) 
Trace the map on tracing linen. (9) Compute the area by the perpendicular 
method, scaling the dimensions from the map. 

Problem E6. Survey of a Field with Plane Table by Traversing 

a. Equipment. — Plane table, stadia rod, 2 flag poles, engineers’ divided 
scale, drawing paper, 6H pencil. 

h. Problem. — Make a survey of an assigned field by traversing with the 
plane table. 

c. Methods. — Follow the same general methods as those given for trav- 
ersing with the transit. Adjust the plane table before beginning the 
problem. Complete the map and compute the area as in Problem E4- 

Problem E6. Survey of Field with Plane Table by Intersection 

а. Equipment. — Plane table, 2 flag poles, engineers’ divided scale, draw-' 
ing paper, 6H pencil. 

б. Problem. — Make a survey of an assigned field with the plane table by 
intersection. 

c. Methods. — (1) Select and measure a base line having both ends visible 
from all the stations in the field. (2) Set the plane table over one end of the 
base line, sight at the other end of the base line and at each one of the 
stations of the field. (3) Set the plane table over the other end of the base 
line, orient the instrument by sighting at the station first occupied and sight 
at all the stations in the field. (4) Complete the map and compute the a.rea 
as in E4. 


Problem E7. Three-point Problem with Plane Table 

а. Equipment. — Plane table, 2 flag poles, engineers’ divided scale, 6H 
pencil. 

б. Problem. — Having three points plotted on the map, required to locate 
a fourth point on the map by solving the three-point problem with the 
plane table. 

c. Methods. — (1) Use Bessell’s solution. (2) Check by using the mechan- 
ical solution. 


Problem E8. Angles of Triangles with Sextant 
a. Equipment. — Sextant, 2 flag poles- 

h. Problem. — Measure the angles of an assigned triangle with the sextant. 
c. Methods. — (To determine the index error, sight at a distant object and 
bring the direct and reflected images into coincidence. The reading of the 
vernier will give the index error, which, with proper sign, must he applied 
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to all angles measured.) (1) Set the flag poles behind the monuments at 
two of the vertices of the triangle and stand on the monument at the third. 
(2)- Hold the plane of the sextant horizontal, sight at one flag pole directly 
with the telescope and bring the image of the other flag pole into coin- 
cidence by moving the arm. (3) Read the vernier, and correct the angle 
for index error. (4) Repeat the measurement with the sextant inverted. 
Take the mean of the two readings, which should not differ more than 2 
minutes, as the true value of the angle. (5) Measure the other angles in 
the same manner. The error of closure should not exceed 3 minutes. 
Record the data in the form. 



-d-N WITH 5EXT/NT 

Dec- 17, 'J/-rDJ/cfi/r3j ^ C/e^rz 
Jb deter mine index 

St sfefD J M. */e eyv^y <3i?c/ 

made re/Vected tin ceiffcide^ 

jvifti direct • - Tde reaid/nff 

odffye tiern/er 3/7 index 
error of ‘^30^ 

Set/7a^ joa/es dacAot^ X nmed //- 
JieJd sextant over s/p/ited 3t K 
and moved sextant^rn? unt// 
images ot^f/a^ poles at X and X 
coincided- 
inverted sextant^ Jmtited atiC oV7(/ 
moved sextant arm to metre linages 
coincide 

Repeated at ot/ier Rations- 
Used Sextant Xt- ^ - 



Rroblem E9. Determination of Coefficients of a Tape 

a. Bquipynent . — Steel tape, spring balance, 2 thermometers, steel rule, 
2 stout stakes, axe, 2 pieces sheet zinc 2X2 inches. 

h. Problem , — Determine the coefficients of expansion, stretch, and sag 
of an assigned tape. Make three determinations of each, and take the 
arithmetical mean as the true value. 

{Standard tapes. In laying off a standard or measuring a base line where 
a high degree of precision is required it is important that all measurements 
be referred to the same standard. The Bureau of Standards, Washington, 
D. C., will compare a tape with the government standard for a small fee. 
The tape tested is certified to be of a given length for a given temperature 
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and pull. For example the standard tape marked “XT. S. W. & M. 215” 
used in laying off the 100-foot standard in Problem A23, was certified to be 
99.9967 feet long at a temperature of 62 degrees Fahrenheit and a pull of 
12 pounds, when tested on a plane surface. The coefficient of expansion of 
this tape was 0.0000061 per degree Fahrenheit. Tapes for measuring base 
lines with great precision have recently been made of Invar steel.) 

c. Methods. — (1) Correction for expansion. Measure the length of the 
tape on a plane surface at two different temperatures but with a constant pull 
determined by a spring balance. Then substitute the lengths, I and I/, and 
temperatures, t and T, in the formula 

I - L ^ e(t - T)l 

where e is the coefficient of expansion. Repeat the test and obtain three 
values of the coefficient e. As large a range of temperatures as possible 
should-be secured. Take the arithmetical mean of the three determinations 
as the true value. 

(2) Correction for stretch. Measure the length of the tape on a plane 
surface with two different pulls but at a constant temperature. Determine 
the pull with a spring balance. Then substitute the lengths, I and L, and 
the pulls p and P, in the formula 

I -L s(p - P)l 

where s is the coefficient of stretch. Repeat the test and obtain three values 
of the coefficient s. The pulls should range from 10 to 40 pounds. Take the 
arithmetical mean of the three determinations as the true value. 

(3) Correction for sag. Remove the handles from the tape and determine 
its weight very carefully. Divide the weight by the length to obtain the 
weight per foot, w. Drive two stout hubs a little less than 100 feet apart 
and fasten a piece of sheet zinc with a line ruled at right angles to the line 
on the top of each stake. With a pull of 10 pounds, as determined by the 
spring balance, measure the distance between the stakes. Calculate the cor- 
rection for sag by substituting the lengths, I and L, pull, p, and weight per 
foot, w, in the formula 

Repeat the measurements using a pull of 20 and 30 pounds, respectively. 
Add the corrections for sag to each measurement and compare the results. 
The temperature should remain constant during the tests. To remove the 
possibility of an error due to temperatuie, observe the temperature at the 
time of each observation and correct the observed length for expansion 
before substituting in the formula. 

Report the methods, data, computations and results on a suitable form. 

Problem ElO. Measurement of Base Line 
a. Equipment. — Standard tape, transit or level, stakes (number and size 
to be specified by instructor), axe, spring balance, 2 thermometers, lath 
stakes, 8-d nails, steel rule, pieces sheet zinc 2X2 inches. 
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h. Problem . — Measure an assigned base line with a standard tape. 

c. Methods. — (1) Set the transit over one end of the base line, sight at the 
other end and determine the difference in elevation and grade. (2) Drive 
stout square stakes to grade, by shooting them in with the instrument in 
true Kne, a little less than a full tape length apart. The top of the lowest 
stake should not be less than 6 inches above the ground. (3) Fasten a 
piece of sheet zinc, with a fine line ruled at right angles to the direction of the 
base line, on the top of each stake. (4) Drive lath stakes in line about 20 
feet apart. (5) Drive an S-d nail through each lath stake at grade to 
support the tape, (h) Measure from stake to stake, the men working as 
follows: No. 1 plumbs up from the rear monument or holds the zero on the 
mark on the rear stake; No. 2 takes the spring balance and puts a pull of 16 
pounds on the tape; No, 3 reads the tape and measures the fraction of a 
tenth -with a steel rule to 0.001 foot; No. 4 records the reading of the tape 
and reads the two thermometers placed at the quarter points of the tape. 
(7) Obtain, at least three determinations of the length of the base line. (8) 
Correct each measurement of the base for* standard, expansion, sag, stretch 
and slope (see problem on coefficients of a tape). The three measurements 
should not differ more than 1:100,000. Report the methods, computations 
and results on a suitable form. 

Problem, Ell. Calculation of Triangulation System 

а. Equipment. — Seven-place table of logarithms. 

б. Problem . — Adjust and calculate an assigned triangulation system and 
plot the skeleton. 

c. Methods . — Observe the following program: (1) prepare forms for 
calculations and transcribe data; (2) adjust the angles of the triangulation 
system (see chapter on errors of surveying) ; (3) calculate the front and back 
azimuths of each line; (4) beginning with the base line compute the sides, to 
the nearest 0.001 foot; (5) calculate the latitudes and departures to the 
nearest 0.001 foot; (6) calculate the coordinates of the triangulation stations 
to the nearest 0.001 foot. In computing the coordinates of the stations 
take the mean of the values found by taking the different routes from the 
base line as the true value. (7) Plot the skeleton of the triangulation system 
to the prescribed scale by means of the coordinates of the points. Check by 
lengths of sides. Use a steel straight-edge. 

Problem E12. Sketchmg Topography 

a. Equipment . — Small drawing board or plane table, plat of assigned 
field, 4H pencil. 

h. Problem . — Sketch in the roads, walks, buildings and 5-foot contours on 
the plat of the assigned field by eye, having given the elevations of the ruling 
points. 

c- Methods. — (1) Transfer from the level notes to the plat the elevations 
of the ruling points of the field. (2) Locate the roads, buildings, etc., on 
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ihe map as nearly as possible in their relative positions (the topographers’' 
estimate of distance should be frequently checked by pacing). (3) Esti- 
mate the slopes and locate the contour points between the points of known 
elevation. (4) Join these points by smooth curved lines. (5) Finish 
the map in pencil, putting on a neat title, the scale of the map and a merid- 
ian. (6) Compare the finished map with a contour map furnished b.v 
the instructor. 

Problem E13. Filling in Details with Transit and Stadia 
a. Equipment. — Complete transit, 2 stadia rods, pocket tape. 

5. Problem. — ^Locate the topographic details of an assigned area with the 
transit and stadia. 
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c. Methods. — (1) Set transit up over the assigned triangulation or other 
point. (2) Orient the instrument, that is, set the plates to the given 
azimuth and sight at the given back sight. (3) Measure the height of the 
axis above the station hub with the tape or by the graduations on the tripod 
leg, and set the target to correspond. (4) Take a shot on the given back 
sight and reduce the results as a check before proceeding. (The program 
for each shot is: (a) set the middle hair roughly on the target, then set one 
stadia-hair on the nearest foot-mark and read the intercept; (6) set the 
middle hair precisely on the target and signal the rodman “all right (c) read 
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the vertical angle; {d) read the azimuth.) (5) Take side shots to representa- 
tive points, keeping in mind the scale of the proposed map. Select the points 
according to a systematic plan, following along ridges, gullies, etc. Contour 
points should be taken with reference to change of slope. (6) Reduce and 
plot the notes, and interpolate the contours, as in the accompanying dia- 
gram. (This topography sheet should be carefully preserved for use in 
Problem Elo.) (7) After completing the survey at the assigned station, 
move the instrument ahead to a new stadia station, taking both fore and 
back sights. (S) Lose no opportunity to take check sights at other triangu- 
lation stations, traverse points, etc. 



Fig. 33a. — Topographic map. 

Problem E14. Filling in Details with Plane Table and Stadia 

a. Equipment . — Complete plane table (preferably with prismatic eye- 
piece), 2 stadia rods, engineers^ divided scale, drawing paper, 6H pencil, 
pocket tape. 
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h. Problem . — Locate the topographic details of an assigned area with the 
plane table and stadia. 

c. Methods . — Follow the same methods as in Problem E13 except that 
the notes are to be plotted on the drawing paper in place of being recorded 
in the field book. Mark the points by number and write the elevation of 
each point under the number in the form of a fraction. Locate the contour 
points by interpolation on the map and connect the points by smooth curves. 
Complete the map in pencil and make a tracing if required. 

Problem E15. Topographic Survey 

a. Equipment . — Complete transit, 2 stadia rods, stakes, hubs, spring 
balance, pocket tape, stadia slide rule, seven-place logarithm table (extra 
tripods, stadia reduction table, stadia reduction diagrams, etc., as required). 



6. Problem . — Make a complete topographic survey of an assigned area 
and make a topographic map. 

• c. Methods. — (1) Make a reconnaissance and locate the triangulation 
stations. Care should be used to select the triangulation stations so that 
the sights will be clear and the triangles well formed. A system composed 
of quadrilaterals or more complicated figures will give more conditions and 
checks than a simple string of triangles. A system composed of simple 
triangles is sufficient for this survey. (2) Mark the triangulation stations 
with gas-pipe monuments about 4 feet long, the exact point being marked by 
a hole drilled in a bolt screwed into a cap on the top of the gas pipe. (3) 
Measure the base line and base of verification as described in Problem ElO. 
(4) Measure the angles by repetition as described in Problem D13. (5) 

Calculate the skeleton as described in problem Ell. (6) Establish perma- 
nent bench marks and determine their elevations and the elevation of the 
stations of the triangulation system by running duplicate levels with the 
engineers’ level, reading the rod to 0.001 foot. (7) Fill in the details with 
either the transit and stadia or the plane table and stadia, or both, as 
described in Problems E13 and E14. (8) Complete the map in pencil on 
manila paper, and after it has been approved by the instructor trace it on 
tracing linen. The title, meridian, scale, lettering and border should receive 
careful attention. 


CHAPTEE VII 


LAND SimVEYENG 

Kinds of Surveys. — Surveys of land are of two kinds: (a) original 
surveys; (h) resurveys. 

Original Surveys. — An original survey is made for the purpose of 
establishing monuments, corners, Hnes, boundaries, dividing land, etc. 
The survey of a townsite and the government survey of a section are 
examples of original surveys. 

Resurveys. — A resurvey is made for the purpose of identifying and 
locating corners, monuments, lines and boundaries that have been 
pre\dously estabhshed. The resurvey of a city block, or a survey to 
relocate a- section corner are examples of resurveys. 

Functions of a Surveyor. — In an original survey it is the function of 
the surveyor to make a perfect survey, establish permanent monuments 
and true markings, and make a correct record of his work in the form 
of field notes and a plat. 

In a resurvey it is the function of the surveyor to find where the 
monuments, courses, lines and boundaries originally were, and not 
where they ought to have ’^3een. Failing in this it is his business to 
reestablish them as nearly as possible in the place they were originally 
placed. No reestablished monument, no matter how carefully relocated, 
will have the same weight as the original monument if the latter can be 
found. In making resurveys the surveyor has no official power to 
decide disputed points. He can act only as an expert witness. If the 
interested pities do not agree to accept his decision the question must 
be settled in the courts. 

Also see Problem F6, Resurvey of a City Block. 

Responsibility of the Surveyor for the Correctness of His Survey. — ^An 
engineer in the discharge of his professional duties requiring an exer- 
cise of judgment can be held Hable only for failure to exercise rea- 
sonable care and skill, or for negligence or fraud. A surveyor is liable 
not only for negligence or fraud but for want of skill. A surveyor 
agrees to do his work not only carefully, honestly and diligently, but 
skillfully as well. The precision required in making any particular 
survey in order to satisfy the requirement for skill will depend upon the 
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conditions, greater accuracy being required for making a survey of an 
expensive city lot than for a survey of a farm. Surveying is a trade, 
and the precision required in any particular case to show proper skill 
is a matter to be decided by the court after evidence has been submitted. 

Ownership of Surveyors* Notes. — Survey notes, data, maps, plats 
and records obtained by a surveyor while in the employ of a city, state, 
radroad or other corporation, or of a consulting or independent engineer 
belong to the employer. A city, engineer or a county surveyor has no 
ownership rights in the notes, data, maps, plats and records which he 
prepares or obtains, or are prepared or obtained by him or by his assist- 
ants, in the exercise of the duties of his office as city engineer or county 
surveyor. Survey notes, data, maps, plats and records obtained by a 
consulting or independent engineer in preparing a report or plans for a 
client belong to the consulting or independent engineer. The client, 
whether it be an individual, city, state or corporation, is entitled only 
to the finished report or plans, and not to the notes and data used in 
the preparation of the report or the plans. 

Rules for Resurveys. — The following rules may be safely observed 
in making resurveys. 

1. The descriptions of boundaries in a deed are to be taken as most 
strongly against the grantor. 

2. A deed is to be construed so as to make it effectual rather than void. 

3. The certain parts of a description are to prevail over the uncertain. 

4. A conveyance by metes and bounds will convey all the land 
included within. 

5. Monuments determine boundaries and transfer all the land 
included. 

6. When a survey and a map disagree the survey prevails. 

7. Marked lines and courses control courses and distances. 

8. The usual order of calls in a deed is: natural objects, artificial 
objects, course, distance, quantity. 

9. A long established fence line is better evidence of actual boundaries 
than any survey made after the monuments of the original survey have 
disappeared. 

10. A resurvey made after the monuments have disappeared is to 
determine where the monuments were and not where they should have 
been. 

11. All distances measured between known monuments are to be 
pro rata or proportional distances. 

If the above rules do not cover the case in question special court 
decisions on that particular point should be consulted. 



148 


SURVEYING MANUAL 


THE UNITED STATES RECTANGULAR SYSTEM OF PUBLIC-LAND 

SURVEYS 

Historical. — The United States rectangular system of subdividing 
lands was adopted by Congress May 20, 1785. The first public-land 
surveys were made in the eastern part of the present state of Ohio under 
the direction of Capt. Thomas Hutchins,! Geographer of the United 
States, and were known as the ‘‘Seve^ Ranges.” The townships were 
6 miles square, and were laid out in ranges extending northward from 
the Ohio River; the to’Pimships were numbered from south to north, the 
ranges from east to west. In these initial surveys only the exterior 
lines of the townships were run, but mile corners were established on the 
township lines, and sections one mile square were marked on the plat 
and numbered from 1 to 36, commencing with section 1 in the southeast 
corner and running from south to north in each tier to 36 in the northwest 
section. 

The act of Congress approved May 18, 1796, provided for the appoint- 
ment of a surv^eyor general and changed the law relating to the surveys of 
public lands. Under tliis law the townships were subdivided into 
sections by running parallel lines 2 miles apart each way and setting a 
corner at the end of each mile. This law also provided that the sections 
be numbered beginning -with section 1 in the northeast corner of the 
township, thence west and east alternately to 36 in the southeast corner. 
This is the method of numbering still in use, shown in Figs. 35 and 36. 

The act of Congress approved May 10, 1800, required that townships 
be subdivided by running parallel lines through the same from east to west 
and from south to north at a distance of 1 mile from each other. Section 
corners and half-section corners on the lines running from east to west 
were required to be set. The excess or deficiency was to be thrown into 
the north and west tiers of sections in the townships. 

The act of Congress approved February 11, 1805, required that 
interior section lines be run every mile; that corners be established every 
half mile on both township and section lines; that discrepancies be 
thrown on the north and west sides of the township. This act of 
Congress further provided ^Hhat all corners marked in the original 
surveys shall be established as the proper corners of sections, or sub- 

^ The earliest published reference to the rectangular system of land sur-- 
veys is found in an appendix to ^'Bouquet^s March,” published in Phila- 
delphia^ 1764. Hutchins was engineer with this expedition to the forks of 
the Muskingum River, and wrote the appendix. (See reprint by Robert 
Clarke, Cincinnati.) 
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divisions of sections ; and that corners, of half and quarter sections not 
marked shall be placed as nearly as possible ^equidistant^ from those 
two corners which stand on the same line. The boundary lines actually 
run and marked shall be established as the proper boundary lines of the 
sections or subdivisions for which they were intended; and the length 
of such lines as returned by the surveyor shall be held and considered 
as the true length thereof, and the boundary lines which shall not have 
been actually run and marked as aforesaid shall be ascertained by 
running straight lines from the established corners to the opposite 
corresponding corners.” Under this law, which is still the established 
rule of procedure, each reported distance between established monu- 
ments is an independent unit of measure. 
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Fig. 34- — Survey of township exteriors. 


The revised instructions issued in 1855 required that the sections be 
subdivided as shown in Fig. 35. The full lines, representing ^ ^ true ” lines, 
are parallel to the east exterior line of the township, and the dotted lines, 
representing random” lines, close on corners previously established. 
The order of the survey of the interior section lines is indicated by the 
small numerals. Double corners on the north and west township lines, 
which were common in the earlier surveys, were thus avoided in the 
revised practice. 

Laws Inconsistent. — It is obviously impossible to preserve a true 
rectangular system on a spherical surface, owing to the convergency of 
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meridians.^ To liarmonize the methods of making surveys, the General 
Land Office has issued instructions for the survey of public lands from 
time to time. 

DETAILS OF SURVEY 

The details of the survey are taken up in the following order: (1) 
selection of initial points; (2) establishment of the base line; (3) establish- 
ment of the principal meridian; (4) running standard parallels; (5) 
running the guide meridians; (6) running the township exteriors; (7) 
subdhdding the tovmship; (S) meandering lakes, rivers, streams, etc. 
See Figs. 34 and 35. 

Initial Points. — Initial points from w-hich to start the survey are 
established whenever necessary under special instructions prescribed by 
the Commissioner of the General Land Office. 

Base Line- — The base line is extended east and west from the initial 
point on a parallel of latitude. The proper township, section and 
quarter corners are established and meand:- :''.Tners at the intersection 
of the line with all meanderable streams, lakes or bayous. Two sets of 
chainmen are employed, and the mean of the two measurements is taken 
as the true value. TMien the transit is used, the base line — which is a 
small circle parallel to the equator — ^is run by making offsets from a 
tangent or secant line, the direction of the line being frequently checked 
by an observation of Polaris. 

Principal MeridJ^an. — The principal meridian is extended either north 
or south, or in both directions from the initial point on a true meridian. 
The same precautions are observed as in the measurement of the base 
line. 

Standard Parallels. — Standard parallels, which are also called correc- 
tion lines, are extended east and west from the principal meridian, at 
intervals of 24 miles north and south of the base line. They are surveyed 
like the base line. 

Guide Meridians. — Guide meridians are extended north from the 
base line, and standard parallels, at intervals of 24 miles east and west 
from the principal meridian, in the manner prescribed for running the 
principal meridian. When existing conditions require that guide 
meridians shaU be run south from the base or correction lines, they are 
initiated at properly established closing corners on such lines. 

1 The angular convergency, a, of two meridians is m. sin L, where m is the 
angular difference of longitude of meridians and L is the mean latitude of 
the two positions. The linear convergency, c, for a length, is t. sin a. 
Latitude 40°, the difference between the north and south sides of a township 
is 0.60 chain. 
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Township Exteriors. — The township exteriors in a tract 24 miles 
square, bounded by standard lines, are surveyed successively through 
the block, beginning with the southwestern township. The meridional 
boundaries are run first from south to north on true meridians with 
permanent corners at lawful distances; the latitudinal boundaries are 
run from east to west on random or trial lines and corrected back on 
true lines. Allowance for the convergency of meridians is made -when- 
ever necessary. 



Fig. 35 . — 1 ownship subdivisions. 


Township Subdivisions. — true meridian is established at the 
southeast corner of the township and the east and south boundaries of 
section 36 are retraced. Then beginning at the corner to sections 35 
and 36 on the southern boundary, a line is run north parallel to the 
township line, corners are established at a distance of 40 and SO chains; 
from the last named corner a random line is run eastward, parallel to 
the south boundary line of . section 36^ to i-bs intersection with 
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the east boundary of the township. A temporary corner is set at 
a distance of 40 chains, and a permanent corner is afterwards established 
midway between the two permanent corners. The other corners are 
located in a similar manner, as shown in Fig. 35. The lines closing on 
the north and west boundary lines of the township are made to close on 
the section corners already established. A theoretical township with 
perfect subdivisions is shown in Fig. 36. 


Township No. 5 Norths Range No. 9 rVesf, of a Principal Meridian. 



I j" FtrsP Siandard PhralieJ Norih 1 I I 

I Sec 6 I SCC.S j Sec 4- j Sec 3 Sec. 2 Sec./ 

T/re above p/o/ represents a theoreiicaf fowns/tip wi/h pcrfeci-subchvtsfons^ coniiguons io /he nor/.*} 
side of a Standard Para He J; in assurred Latitude fO'VsW ardLo-ydude/OO'^OQ V ofGr. Area 2S9J4./6A. 

Fig. 36- — Subdivision, theoretical township. 

Meandering. — Navigable rivers and other streams having a width 
of three chains and upward are meandered on both banks, at the ordinary 
high-water line by taking the general course and distances of their 
sinuosities. The meanders of all lakes, navigable bayous, and deep 
ponds of the area' of 25 alcres-and-'upward -are -surveyed as directed 
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for navigable streams. Meander corners are established where meander 
lines cross base lines, township lines, or section lines. 

Subdivision of Sections. — In Fig. 37, {a) gives the subdivision of an 
interior section, (&) of section 2 on the north side, (c) of section 7 in the 
west tier, and {d) of section 6 in the northwest corner. 



Fig. 37. — Subdivision of sections. 


Description of Land. — ^Land is described in the rectangular system 
giving its location in a civil township; for example, in Fig. 38, the 
northeast quarter, containing 160 acres, would be described as: NE. 

Sec. 8, T. 19 N., R. 9 E., 3 P. M. The 10-acre lot indicated in the north- 
west quarter would be described as: SE. NW. NW. Sec. 8, 
T. 19 N., R. 9 E,, 3 P. M. 

Comers. — The corner monuments may be as follows: (a) stone with 
pits and earthen mound; (6) stone with mound of stone; (c) stone 
with bearing trees; (e) post in mound of earth; (/) post in mound of 
stone; {g) post with bearing trees; (A) simple mount of earth or 
stone; (i) tree without bearing trees; (j) tree with bearing trees; {k) 
rock in place; etc. The trees on line are required to be blazed. The 
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size, markings and proper corners to be used in any particular case and 
all other details are given in the Manual of Surveying Instructions 
for the Survey of Public Lands of the United States,'' issued by the 
General Land OflS.ce, Washington, D, C. 

A new edition of the “Manual of Surveying Instructions for the 
Survey of Public Lands" was issued in 1919 and may be obtained from 
the Superintendent of Documents, Government Printing OflSce, 
Washington, D. C., price 40 cents per copy. “Standard Field Tables" 
to accompany the “Manual of Surveying Instructions for the Survey 



Fig. 38. — Description of land. 


of Public Lands" may be obtained from the Government Printing 
OflS.ee, Washington, D. C,, for 60 cents per copy. The circular on the 
“Restoration of Lost and Obliterated Corners" mentioned in the next 
paragraph gives instructions for making resurveys, and may be obtained 
by addressing the Department of Interior, General Land OflSce, Wash- 
ington, D- C. 

Restoration of Lost or ObKterated Comers.^ — “An obliterated corner 
is one where no visible evidence remains of the work of the original 
surveyor in establishing it. Its location may, however, have been 
preserved beyond all question by acts of landowners, and by the memory 

^ Circular on the “Restoration of Lost and Obliterated Corners and Sub- 
division of Sections," Department of Interior, General Land OflSce, Washing- 
ton. D. C. 
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of those who knew and recollect the true position of the original monu- 
ment. In such cases it is not a lost corner. 

A lost corner is one whose position can not be determined beyond 
reasonable doubt, from either original marks or reliable external evi- 
dence. ” 

General Rules. — The following rules are derived from a brief synopsis 
of congressional legislation relating to surveys. 

1. The boundaries of the public lands established and returned by the 
duly appointed government surveyors, when approved by the surveyor 
general and accepted by the government, are unchangeable. 

2. The original township, section, and quarter-section corners established 
by the government surveyors must stand as the true corners which they were 
intended to represent, whether the corners be in place or not. 

3. Quarter-quarter corners not established by the government surveyors 
shall be placed on the straight line joining the section and quarter-section 
corners and midway between them, except on the last half mile of section 
lines closing on the north and west boundaries of the townships, or on other 
lines between fractional sections. 

4. All subdivisional lines of a section running between corners established 
in the original survey of a township must be straight lines, running from the 
proper corner in one section line to its corresponding corner in the opposite 
section line. 

5. That in a fractional section where no opposite corresponding corner 
has been or can be established, any required subdivision line of such section 
must be run from the proper original corner in the boundary line due east and 
west, or north and south, as the case may be, to the water course, Indian 
reservation, or other boundary* of such section, with due parallelism to sec- 
tion lines. 

From the foregoing it will be plain that extinct corners of the government 
surveys must be restored to their original locations, whenever it is possible 
to do so; and hence resort should always be first had to the marks of the 
survey in the field. The locus of the missing corner should be first identified 
on the ground by the aid of the mound, pits, line trees, bearing trees, etc., 
described in the field notes of the original survey. 

The identification of mounds, pits, buried memorials, witness trees, or 
other permanent objects noted in the field notes of survey, affords the best 
means of relocating the missing corner in its original position. If this can 
not be done, clear and convincing testimony of citizens as to the place it 
originally occupied should be taken, if such can be obtained. In any event, 
whether the locus of the corner be fixed by the one means or the other, such 
locus should always be tested and confirmed by measurements to known 
corners. No definite rule can be laid down as to what shall be sufficient 
evidence in such cases, and much must be left to the skill, fidelity,- and good 
judgment of the surveyor in the performance of his work. 
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Actions or decisions by county sur\’e 3 'ors which result in changes of 
boundaries of tracts of land and involve questions of ownership in connection 
therewith, are subject to review the local courts in proceedings instituted 
in accordance with the local statutes governing such matters. 

The pamphlet also contains much additional information of value. 

Locations of Principal Meridians.— Principal meridians have been 
established as the needs of the surt^ej^-s warranted. There are 24 
principal meridians in all, the locations of which are given in the “ Manual 
of Instructions,^'’ mentioned above. 

Abridging Pield Notes. — The government surveyors use the method 
of abridging field notes shovm in Fig. 39. Corners in the township 
boundary are referred to by letter; interior section corners are referred 
to bj’^ ghfing the numbers of the sections meeting at the corner; 
interior quarter-section corners are referred to by giving the number 
on the section lines produced. 


efFeJEdDcCbBsA 



N/iOoPpQqRrSs T 


Fio. 39- — Method of abridging field notes. 
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SURVEYS BY METES AND BOUNDS 

That portion of the United States settled before the adoption of the 
rectangular system was surveyed by the method of metes and bounds. 
For the most part these surveys were very irregular and often involved 
complex and conflicting conditions. The entire eastern portion of the 
United States, and the state of Kentucky, were surveyed in this manner, 
and further examples are found in the French surveys in the states of 
Michigan, Indiana, Illinois, Missouri, Louisiana, etc., and the Spanish 
surveys of Texas, California, etc. The general principles underlying 
the questions of ownership, priority of survey, the restoration of lost 
corners, etc., are identical whatever the system of survey used. 


PROBLEMS IN LAND SURVEYING 
Problem FI. Investigation of a Land Corner 

a. Equipment . — Digging outfit, tape, etc., as required. 
h. Problem , — Collect complete evidence relative to an assigned land cor- 
ner, and after giving due weight to the same, make a decision as to the true 
corner. 
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c. Methods. — (1) Make a careful examination of the official field notes and 
records pertaining to the land corner in question and make extracts from the 
same for further reference. (2) Seek oral evidence from those acquainted 
with the history of the corner. (3) Make a survey of fence lines and other 
physical evidence, such as witness trees or their stumps, etc., near the corner 
under investigation. (4) Make a careful examination of the site of the 
corner with the digging outfit; the digging should be done cautiously so as to 
avoid disturbance of existing stakes or other monuments. (5) If more than 
one monument is found, make due record of their character and positions, 
and make further inquirt’' respecting them. (6) If no monument of any 
sort is found at first, continue the search diligently and do not give up find- 
ing the true comer as long as there is a remote chance of locating it. In any 
event, avoid wanton disturbance of any object or evidence that may have a 
bearing on the same. Keep a clear and concise record. 

Problem F2. Perpetuation of a Land Comer 

a. Equipment . — Digging outfit, a large boulder or other permanent monu- 
ment, cold chisel, hatchet, plumb bob, string, stakes. 

h. Problejn . — Keplace a temporary land corner by a permanent monument. 
c. Methods. — (1) Uncover the identified temporary monument and care- 
fully determine the true point with consistent exactness. (2) Reference 
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out the point by driving two pairs of stakes with strings stretched so as to 
intersect squarely over the corner. (3) After carefully checking the refer- 
encing, dig out the old monument to a depth sufficient to receive the boulder 
and permit its top to set several inches beneath the natural surface if located 
in a road or where disturbance is probable. (4) Cut a plain cross mark on 
the top of the stone, and set it in place in the hole, packing the earth about it, 
and testing the position of the mark by means of the reference stakes and 
strings and plumb bob; finally, leave the boulder set firmly in the correct 
position. (5) Make reference measurements to suitable permanent points 
such as marks on curbing, gas pipes, witness trees, etc., selected with respect 
to good intersections, and make a reliable record of the witness notes after 
checking the same. (Other forms of permanent monuments are: gas pipe; 
fish plate; section of T-rail; farm tile or vitrified pipe filled with cement mor- 
tar; post hole filled with mortar; special solid monument burned like farm 
tile; special casting similar to a gas-main valve box, with a hole in the top 
to receive a flag pole; etc.) 

Problem F3. Reestablishing a Quarter-section Comer 

a. Equipment, — Transit-party outfit, digging tools, etc. 

h. Problem . — Reestablish a quarter-section corner that has been obliter- 
ated or lost. 

c. Methods. — (1) Collect and record all the available evidence which may 
assist in the discovery and identification of the corner. Examine the field 
notes of the original survey, the surveyors’ plat book and the county atlas 
on file at the court house, and make diligent inquiry for credible and compe- 
tent information, either written or oral as to the location of the corner. (2) 
Make a careful search for the monument. Trace all the lines of the original 
survey, paying particular attention to bearing and sight trees. Dig in 
all the places indicated by the different lines and give up the search only 
after you have exhausted every possible clue. (3) If the corner cannot be 
found, reestablish it, giving due weight to all the evidence. The surveyor 
should remember that the corner should be reestablished where it originally 
was and not where it ought to be. After having located a stake at the 
supposed location of the original monument, reference it out and renew the 
search. (4) After the monument has been relocated, mark it in a perma- 
nent manner as indicated in Problem F2, by a stone with a cross cut in its 
top or with a gas pipe well driven into the ground. Reference it out to at 
least two permanent objects selected with a view to securing a first-class 
intersection. Make a careful record and preserve consistent accuracy in 
the work. 

Problem F4. Reestablishing a Section Comer 

a. Equipment. — Transit-party outfit, digging tools, etc. 

• 6. Problem . — Reestablish an obliterated or lost section corner. 
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c. Methods . — Follow the various methods described in Problem F3, 
giving special attention to the search for the original corner; upon failing to 
find trace of it, run out lines with reference to the section, quarter, and 
quarter-quarter corners in the four directions, with linear measurements 
from the same, and finallj' reach the most consistent decision with reference 
to such sur^^'ey lines, ownership lines, fences, hedges, road centers, etc. (A 
fruitful cause of disturbance of section and other corners is careless use of 
road graders, or the failure to lower the comer sufficiently below the surface 
of the road.) 
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Problem F6. Resurvey of a Section 

a. Equipment. — Transit-party outfit, digging tools, etc. 

h. Problem . — Make a resurvey of an assigned section. 

c. Methods. — (1) Make extracts from the field notes of the original survey 
and of all resurveys on file at the court house, and other notes that may be 
of value. Make diligent inquiry among the property owners for evidence 
as to the location of corners. (2) Retrace the lines, recording the location 
of old fences, timber markings and other evidences as to prior recognition 
of lines and corners. Use consistent accuracy- Record the original notes 
as siven in the forms. Record the field not^S in narrative style using the 
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designation of corners as given in the resurvey plat in the form. Make a 
plat of the section in the manner prescribed by state law for a resurvey. 

Problem F6. Restirvey of a City Block 

a. Equipjnent. — Transit, 100-foot steel tape, chaining pins, axe, hubs, 
stakes, 4 pieces of 1-inch gas pipe 2 feet long, notes of previous surveys, etc. 

b. jPro6Ze^7z.— Make a resurvey of an assigned city block. 
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Resurvey. 5ec-ZT, Smith 

Estate (Comtihued) 
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J 


c. Methods. — (1) Procure full notes of all the surveys and resurveys of 
the assigned block from the records at the court house and from any other 
source available. (2) Make a resurvey of the block, using the notes, and 
drive hubs for temporary corners. (3) Compute the latitudes and depar- 
tures of the courses, and if consistent balance the survey. (4) If the corners 
of the block as located are consistent with the existing property and street 
lines, drive gas pipes as permanent corners. (5) Subdivide the block into 
lots as shown in the notes. (6) Make a plat of the block on manila paper 
to the prescribed scale, showing block and lot lines, distances and angles 
obtained in making the survey, the names of the owners of the property and 
the names of the streets. Prepare a surveyors’ certificate as provided by 
law. Trace the map if required. (The accuracy attained should be 
based on the valuation and other local conditions. Before beginning 
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the survey use every possible care to find the corners with reference to 
which the original survey was made. When lots are sold by number, the 
excess or deficiency should be divided pro rata. However, when lot lines 
have been long acquiesced in, it is doubtful if the courts will uphold the 
surveyor in interfering with the ancient lines of ownership. It then becomes 
necessary either to make a compromise survey that will be satisfactory 
to the owners, or to make a survey that is strictly according to the letter of 
the law, and submit the map and certificate to the courts for settlement. 
The surveyor should remember that he is simply an expert witness and 
that he has no final judicial powers.) 

Problem F7. Resurvey by Metes and Bounds 

a. Equipment. — Transit-party outfit, digging tools, etc. 

5. Problem. — Make a resurvey of an assigned tract whose original survey 
was made by metes and bounds. 

c. Methods. — (1) Collect full notes and data relating to the monuments, 
magnetic bearings, magnetic variation, date of survey, lengths of lines, etc. 
(2) Make a careful investigation of the lines and corners on the ground and 
make notes of any evidence there found. (3) Locate and identify with 
certainty as many as possible of the original monuments; where double or 
contested corners exist, locate each definitely for further reference; if cor- 
ners are generally lacking or doubtful, concentrate attention on at least 
two which give most promise of definite relocation, and reestablish these 
corners as carefully as possible. (4) Having at least two corners, retrace 
by random line the perimeter of the tract, according to the original descrip- 
tion, beginning at one and closing on the other corner; set temporary corner 
stakes at the several points; note the linear and angular error of closure of 
the random traverse on the last monument. (5) Calculate the latitudes 
and departures of the random survey, and determine the angular and linear 
relations between the random and the original survey; also fix the position 
of the several random stakes relative to the supposed true positions of the 
respective corners. (6) Set stakes in the true positions, as calculated, 
reference them out, and renew the search for the original monuments. (7) 
Finally, reestablish each corner in the most consistent position, put perma- 
nent corners in place, and take witness notes for each, making complete 
notes of the proceedings. Follow the form. 

Problem F8. Partition of Land 

a. Equipment. — Transit-party and digging outfits, etc. 

h. Problem. — Make a partition of an assigned tract of land in accordance 
with instructions. 

c. Methods. — (1) Make the necessary resurveys of the assigned tract, 
indetifying original monuments, and reestablishing lost corners as reqiiired. 
(2) Make a plat of the partition. (3) Subdivide the land and set Dermanent 
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corners; carefully establisii witnesses to the corners and secure witness notes. 
(4) Prepare and file the plat and description as required by law. 


R.ESURVEY OF ‘'MlSSIOK R.1D6E 
Consulted County Records <sncl conF/rmed 
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Problem F9. Design and Stirvey of a Town Site (or Addition) 

a. Equipment . — Equipment for topographic survey for both field and 
office. 

h. Problem . — Make a preliminary topographic survey of the proposed 
town site (or addition), design the plat, and make the surveys for blocks, 
lots, etc. 

c. Alethods. — (1) Make a careful resurvey of the entire tract. Heference 
the existing monuments and carefully relocate all missing corners. (2) After 
the monuments have been carefully located, remeasure the distances and 
angles very carefully. Before beginning the chaining, a standard should be 
established as described in Problem A23. (3) Fill in the topographic details 

with the transit and stadia, unless directed otherwise, using consistent 
accuracy. (4) Make a complete topographic map of the tract. (5) Design 
the town site and sketch it in on the map. The questions of surface drain- 
age, sewerage, possible overflow, street gradients, principal thoroughfares, 
diagonal streets, alleys, etc., should be carefully considered. The streets 
should be of ample width, and be laid out with reference to ease of grading 
both the street and the adjacent property. Residences should face desirable 
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streets and the cross streets in the residence district should not be too 
numerous. The principal thoroughfare should pass through the business 
portion and have minimum gradients. The system of sewerage and drainage 
should be worked out roughly before the design is completed. Much 
expensive construction can be avoided by using care in designing the town 
site. (6) Make preliminary profiles of all the streets on plate A profile 
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paper to the prescribed scale. (7) Carefully locate the block and other 
important corners and mark them by permanent monuments of stone, gas 
pipe, tiling, etc. (8) Subdivide the blocks into lots and mark the lot corners 
by means of gas pipes or hubs. (9) After the streets have been located care- 
fully, take levels on the same, make profiles, and lay grade lines for all 
streets, sidewalks and improvements. 

Use accuracy consistent with the value of the property throughout the 
problem. Make a careful record of the notes. Complete the maps and 
profiles. 




CHAPTER VIII 


RAILROAD SURVEYIHG 

ClassiEcatioii. — Por the purpose of class instruction, railroad survey- 
ing will be discussed under the following heads: (1) curve practice, (2) 
reconnaissance, (3) preliminary survey, (4) location survey, (5) construc- 
tion, (6) maintenance. 

Curve practice is designed to give the student familiarity with the 
methods of running curves so that the location survey may be made 
without needless delay. It consists of a series of typical problems cov- 
ering the usual range of conditions found in such surveys. 

The reconnaissance is a rapid preliminary examination of a district 
or area for the purpose of selecting ruling points to control the general 
routes of the preliminary survey lines. The distances are paced or 
scaled from a map; elevations are determined by means of the barometer 
or hand level. 

The preliminary survey is designed to obtain information and to 
obtain it rapidly, as a guide in making the location survey. A rapid 
deflection-angle traverse is run, following the general route of the pro- 
posed line, but keeping in clear ground as far as may be to gain time; 
levels are run, topography including contours taken, the map made and 
one or more location lines projected on the map. 

The location survey fixes the exact lines, including the curves, prepara- 
tory to building the proposed railroad. Some engineers prefer to run 
one or more trial location lines, but it is best practice to locate the line 
as projected on a reliable contour map. 

Construction surveys are made for the purpose of fixing the roadbed 
limits and other constructive details, and estimating earthwork and 
other quantities. 

Maintenance surveys and resurveys are made after the line is built, 
for ballasting, yard construction or other purpose. 

Field Organization of Class. — ^In order to carry out the foregoing 
steps, the following field parties are required: (a) transit party, (&) 
levehng party, (c) topography party, (d) land-line party, (e) cross- 
^tioning party, (/) bridge and masonry party, {g) resurvey party. 
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General Requirements. — Eacli party should work with snap and 
vigor and accomplish the best results practicable, as to both quality and 
quantity. To this end each member of the party should not only be 
careful, exact and rapid in the discharge of his own duties, but avoid 
interfering with the work of others, such as obstructing the view of the 
transitman. In order to give each student practice in all the positions, 
the posts will be shifted daily^ progressing to the higher positions in the 
party. The student should not underrate his practice in the subordinate 
positions, nor fail to make proper use of his more responsible duties. 
The usual decorum of field parties will be observed. 

TRANSIT PARTY 

It is the duty of the transit party to establish the traverse line upon 
which to base the levels and topography. The student transit party 
will consist of the following members: (1) chief of party, (2) transitman, 
(3) head chainman, (4) rear chainman, (5) stakeman, (6) axeman, (7) 
front flagman, (S) rear flagman. The duties and equipment of the 
respective members are stated below. 

Chief of Party. — (Party list, map of line, 50-foot metallic tape, 
railroad-curve textbook.) The chief of party is responsible for the 
general progress and quality of the work. It is his duty to direct the 
survey; see that each man does his work properly and with sufficient 
accuracy and despatch; check the transitman’s work when necessary; 
keep the transit notes if the transitman is pushed; and make himself 
generally useful. He should be thoroughly acquainted, before going 
to the field, with the situation and with the data applicable to the work 
of the day. In requiring subordinate members of the party to perform 
their work properly, he should carefully preserve the dignity of his own 
position. Should there be no chief, these duties will be shared by the 
transitman and head chainman under the former ^s directions. 

Transitman. — (Transit, reading glass, adjusting pin, transit notebook, 
railroad-curve textbook, figuring pad.) The transitman runs the 
transit, keeps the notes and, in the absence of the chief, directs the 
work of the party. He should do careful and exact as well as rapid 
work, since the progress and character of the survey are usually con- 
trolled chiefly by the skill of the transitman. 

In leveling up, keep the lower parallel plate about level. Avoid 
undue tightness of foot screws. In setting the vernier to zero, use a 
quick converging motion with the tangent movement and note the 
adjacent graduations. If the transit has lost motion, learn which way 
to get the slack on the tangent screws. As a rule, use the lower motion 
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by preference. Habitually back sight to the rear with telescope 
reversed, then plunge the telescope on prolongation and read the deflec- 
tion right or left. If practicable, base the calculated bearings on a true 
Qieridian; othervdse, allow for the magnetic declination at a station 
which seems to be free from local attraction and thus obtain a reference 
meridian. Check aU deflection angles by needle reading, as to both 
amount and direction. Lack of proper adjustment is no excuse for 
error. Always prolong a tangent line by double sightings. Also check 
deflection angles from time to time, by double sightings. Check on 
back sight before finally approving any precise point; likewise never fail 
to conclude the observations at each transit station by checking on the 
back sight. In such check it is usually best to sight back precisely on 
the point and then note whether the vernier has the proper reading. 
Assist the flagman in plumbing the pole, and always sight as near the 
bottom of the pole as possible. The transitman should admonish the 
chainmen, etc., to keep clear of the line. 

On preliminary surveys, usually let the rear chainman line in the 
head chainman by eye, at least for short stretches. Do not hesitate to 
offset or zigzag more or less along open ground to gain time. A rapid 
method for passing through heavy timber is to zigzag on slight deflection 
angles right and left, and tabulate the lengths in stations and deflections 
in minutes, and the products of the two in separate columns on the 
right-hand page. The original line is regained by making the algebraic 
sum of the products zero, and the original direction is resumed by 
turning off a deflection which balances the deflection-angle columns. 

On location, each stake should be lined in carefully by transit. Small 
obstructions, such as trees, may be passed by parallel lines, using offsets 
of 1 foot or so at two hubs a few stations apart; the line is resumed in 
like manner- Where plate readings are used in rectangular or other 
offset methods, no sights shorter than 50 feet should be used. The 
equilateral triangle one station or more on a side is often used. Obstruc- 
tions on curves may usually be passed readily with the aid of tables of 
long chords and mid-ordinates. 

Curve index readings should be calculated as though the entire curve 
were to be run in from the P. C. ; starting with the index reading of P, C. 
alwaj^s equal to zero, check the calculations by noting that the index 
of M. C. is M I, and of P. P. is J. In using the notes, remember that 
with the transit at any point whatever on the curve, the following 
rules apply: (1) When pointing to any station, the vernier must always 
be set to read the index reading for that station; and (2) when pointing 
on tangent at any station, the vernier must be set to read the index 
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reading for that station. As a rule, the best program in curve location 
is: Having P. /. located, (1) measure I and assume Z); (2) calculate T 
and P; (3) establish P. T. by chaining off T on the front tangent; (4) 
estabhsh M. C. by laying off E on the bisecting line; (5) locate P. C. by 
interpolating the hub at the calculated station number on the back 
tangent; (6) move the transit to P. C. and the fore sight on P. (7) 
calculate the curve notes (if not already done); (S) check the sight on 
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P. T, and M. C . ; and if satisfactory (9) run in the curve, checking for 
distance and angle on M. C. and P. P., moving the transit ahead if 
desirable or necessary; (10) set up atP. T. and resume the front tangent. 
One minute is the limit of allowable error in any curve. Mistakes in 
calculations or in measurements of angles will be counted serious errors. 
On final location the curves will be spiraled. After the line is located, 
reference out P. C., P. T. and other important hub points by two inter- 
secting lines and take careful notes of the same [see method {g). Fig. 5, 
Chapter II]. 

The transit notes should’ be reliable, complete, neat and distinct. 
Each entry should have but one reasonable meaning and that the correct 
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one. Hecord station numbers from the bottom upward, usually with 10 
stations per page. Repeat the last station at the bottom of the next 
page. Allow two lines per station so as to provide for sketching at 
200 feet to the inch. On the middle line of the right-hand page mark 
each station with a dot and number every fifth station which should also 
be enclosed in a circle. The transit notes should include sketches of 
prominent land and street lines, stream crossings and other prominent 
topographic details, with pluses shown in the sketch. The notes should 
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include date, weather, organization of party, etc. An appropriate title 
page giving the name of the survey, date of commencement and com- 
pletion, etc., should be prepared. The notes will be kept in the pre- 
scribed form. The field notes are to be returned at the close of the 
day’s work. All estimated data should be noted as such. 

Completeness and neatness of notes and records, facility and accuracy 
in handling the instrument and promptness in advancing the progress of 
the survey will count in the estimate of the work of the transitman. 

Head Chaimnan. — (Flag pole.) The progress of the chaining depends 
chiefiy on the activity of the head chainman. After setting a stake he 
should move off briskly (preferably at a trot) and be prepared for the 
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signal as he approaches the next station. When the full chain 
length is pulled out, the head chainman turns, holding the flag pole in 
one hand and the chain handle in the other, and sets the pole in line by 
signal from the rear chainman or transitman. Much time can be saved 
in this process if the head chainman habitually walks about on line and 
if he sights back over the two stakes last set. If on curve location, he 
should line himself in on the prolongation of the preceding station chord, 
and then offset by pacing or with the flag pole a distance in feet equal 
to IM times the degree of the curve; the calculation is made mentally 
and the pole can usually be set within a few inches of the correct position 
by the time a speedy transitman has the deflection angle set off. When 
the line is established, the pole is shifted to the correct distance, and the 
stake is driven plumb in the hole made by the flag-pole spike. If the 
survey is a rapid preliminary line, the head chainman hastens ahead the 
instant the stake is started at the proper point, although in a more careful 
preliminary the chainmen check the distance to the driven stake. On 
location surveys it is customary for the chainmen to wait until the 
stake is driven and mark the exact distance on the top of the stake With 
the axe blade, and the exact line of signal from the transitman. In this 
process the head chainman should keep in mind the convenience of the 
transitman, and in case the line is being run to a front flag, the chainman 
should be careful to clear the line frequently to allow check sights ahead. 
In breaking chain on steep slopes the full length of chain should usually 
be pulled out ahead and the chain thumbed at the breaking points so as 
to avoid blunders; a plumb bob or flag pole should be used in the process. 
In passing over fences it often saves time to drive a 10-d nail, with 
butterfly ’’ attached, in the top plank to serve as a check back sight 
from the next transit point. The chainmen should carefully avoid 
obstructing the transitman's view, to which end they should walk on the 
outside when locating curves. 

Rear Chainman. — (100-foot chain or tape, chaining pins, if allowed, 
figuring pad or notebook.) As the rear chainman approaches the stake 
just set, he calls out “halt^^ and holds the end of the chain approximately 
over the stake, quickly lines in the flag pole in the hand of the head 
chainman (or the pole is lined in by the transitman), the precise distance 
is given and the chainmen move on briskly. As a rule, pluses should 
be read by the rear chainman, the front end being held at the point to be 
determined. Fractions will usually be taken to the nearest 0.1 foot, 
although 0.01 foot may at times be properly noted. It is the duty of the 
rear chainman to keep a record of pluses and topographic details when 
the transitman is not at hand. This record may be kept on a figuring 
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pad and the memoranda handed at the first opportunity to the transit- 
man, who transfers the data to his book and carefully preserves the slips 
for future reference. It is usually better, however, to keep the auxiliary 
notes in a memorandum book instead of on the loose slips. The chain- 
men should carefully avoid disturbing the transit legs. 

The responsibility for correct numbering of the station stakes rests 
chiefly on the rear chainman. It is his duty to remember the number 
of the previous station so as to catch blunders on the part of the stakeman. 
As he reaches the stake just driven, he mentally verifies its number and 
repeats it distinctly for the guidance of the stakeman in marking the 
stake to be driven; the stakeman responds by calling the new number, 
and each repeats his number as a check before final approval. The rear 
chainman then charges his mind vnth the numbers and checks the 
newly set stake on reaching it. In case of doubt he returns to the 
preceding stake and notes its number. 

Stakeman. — (Sack of fiat and hub stakes, marking crayon, hand axe.) 
The stakeman, with his supply of flat and hub stakes in a sack, should 
keep up with the head chainman and be standing, with stake and marking 
keel in hand, ready to number the new station stake on hearing the 
rear chainman call out the preceding station number; the numbering is 
repeated, as already explained, before the stake is driven. Chaining 
pins are not used, but their equivalent in checking tallies may be had by 
numbering the stakes aliead and tying them up in sets of ten. By 
numbering stakes at slack moments the stakeman gains time to assist 
the axeman in clearing the line, etc. However, special care should be 
taken to avoid omissions and duplicates. The stakeman should finish 
numbering the stake and hand it to the axeman by the time the head 
chainman has fixed the exact station point. The stakes should be 
numbered in a bold and legible manner, the keel being pressed into the 
wood for permanency. The number should read from the top of the 
stake downward. Stakes on an offset line should be so marked as 4T or 
2'Rj beneath the station number. When survey lines are lettered, the 
serial letter should precede the station number. Guard stakes for P. I., 
P, C.f P. T., reference points (P. P.), etc., should be clearly marked. 
The stakeman should assist the axeman in clearing the line and should 
drive stakes when the axeman is delayed. He should carefully avoid 
obstructing the transitman's view. The stakeman is under the direction 
of the head chainman. 

Axeman. — (Axe, tacks and, if so instructed, an* extra sack of stakes 
with marking keel.) It is the duty of the axeman to drive stakes, 
remove underbrush from the line, clear an ample space about the transit 
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station, etc. He is expressly warned, however, in student field practice, 
not to hack or cut trees or damage other property in any way and, in 
general, not to trespass on the rights of owners of premises entered in 
the progress of the survey. 

The flat station stakes are driven firmly crosswise to the line with the 
numbered face to the rear. Hubs are driven about flush and usually 
receive a tack; they are properly witnessed by a flat guard stake driven 
10 inches or so to the left, the marked face slanting toward the hub, as 
shown in Fig. 9, Chapter II. The axeman receives the marked stake 
from the stakeman and drives it plumb at the point marked by the spike 
of the flag pole. On location or careful preliminary surveys when the 
stakes are being lined in by transit, the axeman should stand on one 
side when driving and keep a lookout for signals from the transitman. 
In shifting the stake as signaled he should use combined driving and 
drawing blows with the axe. When the precise point comes much to 
one side of the top of the hub, another hub should be driven alongside 
and the first one driven out of sight before the tack is set. The axeman 
should move ahead briskly and avoid delay to the chaining. The stake- 
man should, when necessary, drive the stake with the spare hand axe. 
When the field force is scant, one man may serve in both capacities. 
The axeman is under the direct charge of the head chainman. 

Front Flagman. — (Flag pole, small supply of hubs and guard stakes in 
stake sack, hand axe, a few 10-d nails.) It is the duty of the front 
flagman to establish hub points ahead of the chaining party under the 
direction of the chief and transitman. In selecting transit stations he 
should keep in mind visibility and length of both fore sight and back 
sight, and to this end points should be taken on ridge lines and where 
underbrush, etc., is least in the way. The practice of planting the flag 
pole behind the hub may be warranted occasionally, as, for example, 
when the field party is shorthanded, but never when the regular flagman 
is not specially detailed for other duties. The front flagman should 
keep close watch on the transitman and should habitually stand with the 
spike of the flag pole on the tack head and plumb the pole by standing 
squarely behind it and supporting it between the tips of the fingers of 
the two hands. Should the front flagman be flagging for an interpolated 
point depending on a fore sight which his pole would conceal, he should 
clear the line for a check sight by leaning the pole to one side. In 
crossing fences he should, when convenient, establish check sights on 
the top plank by driving a spike and attaching a butterfly. 

Rear Flagman. — (Flag pole, hatchet, slips of paper.) The rear 
flagman gives back sight on the preceding transit station. The details 
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of his duties are much the same as those of the front flagman. It if? an 
excellent plan for him to cut a straight sapling or limb and plant it 
exactly behind the hub when signaled ahead. This picket pole is made 
more visible by splitting the top and inserting a slip of paper, to make a 
butterfly. A series of such pickets on a long tangent line often affords a 
fine check on the work when an elevated transit point is reached. 

LEVEL PARTY 

It is the purpose of the level party to secure data concerning the 
elevations of the points along the line so that an accurate profile may 
be made and the grade line established. The leveling party should be 
on the alert to detect errors in the work of the transit party, such as 
omitted or duplicated stations. The party consists of two members: 
(1) leveler, (2) rodman. In very brushy country an axeman may be 
added, but this is usually unnecessary if the line cleared by the transit 
party is followed. 
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Leveler. — (Level, adjusting pin, level notebook.) The leveler should 
follow the most approved methods described under the head of differ- 
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< 3 ntial and profile leveling in Chapter IV. The nearest 0.01 foot should 
be observed on turning points and bench-mark rod readings and eleva- 
tions and on occasional important profile points. The fore-sight rod 
readings on ground profile points are to be taken only to the nearest 0.1 
foot and the nearest 0.1 foot in the height of instrument is to be used in 
calculating the elevation. (Beginners sometimes calculate elevations to 
0.01 foot when the rod readings are taken only to the nearest 0.1 foot.) 
The leveler should be rapid with his level as well as with figures. He 
should calculate elevations as fast as the rod readings are taken and 
should systematically check up the turning point and instrument heights 
as the work proceeds. As results are verified the same should be 
indicated by check marks. Each page of notes should be cheeked by 
summing up the turning-point back- and fore-sight rod readings, and 
comparing their difference with the difference between the first and 
last elevations or instrument heights, as the case may be, on the page. 
Follow the prescribed form. As far as possible, bench marks should 
be checked by including them in the circuit as turning points. Balance 
back- and fore-sight distances on turning points. Permanent bench 
marks should be established at least every 1,500 feet, and located in 
places at once convenient and free from disturbance during construction. 
Later levels should check within 0.05 foot into the square root of the 
length of circuit in miles. When a discrepancy is found, a line of check 
levels must be run to fix responsibility for the error. In crossing 
streams, secure high-water elevations, with dates, especially of extra- 
ordinary floods, also low-water level. In crossing highways obtain 
elevations each side for some distance with a view to avoid grade 
crossings. In going up or down steep slopes, gain all the vertical 
distance possible each setting, and follow a zigzag course. The bottom 
of deep gullies may be determined by hand level. Assist the rodman in 
plumbing the rod, and on turning points and benches have the rod 
gently swung in a vertical plane to and from the instrument and take the 
minimum reading. The self-reading rod is to be preferred. Many 
levelers use the Philadelphia rod without target. If the target is used 
on turning points, the leveler should check the rod reading when 
practicable. 

Completeness, correctness and neatness of notes and records and 
facility and accuracy in handling the level will be given chief weight in 
fixing the merit of ohe leveler^s work. The level notes are to be returned 
at the end of the day's work. 

Rodman. — (Leveling rod, peg book, hatchet, turning-point pegs, 
spikes, keel.) The rodnian holds the rod at station stakes and at such 
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plus points as may be required to make a representative profile. It is 
his duty to identify each station point and be on the lookout for dupli- 
cated or omitted stations. To this end he should habitually pace in 
each station, especially in grass or underbrush, and call out or signal 
the station number to the leveler. Should a blunder in station number- 
ing appear, he should positively confirm the fact by retracing several 
stations, and then carry the corrected stationing ahead. The rod 
should be held truly plumb, which is best done by standing squarely 
behind the rod and supporting it with the tips of the fingers of both 
hands. On turning points, the rod should be waved gently in a vertical 
plane to and from the instrument. The rodman should pay special 
attention to placing the target right for long rods and examine it to note 
if it has slipped before reading the rod. Errors of 1 foot, 0.1 foot, etc., 
should be carefully guarded against. Turning points should be selected 
with special reference to their solidity, and care should be taken not to 
disturb them. Station pegs and hubs are often used for turning points; 
when so used, the precise fore sight to 0.01 foot should follow the usual 
ground-rod reading to the nearest 0.1 foot. The rodman should use 
good judgment in selecting bench marks, locating them out of reach of 
probable disturbance during construction and describing them so as to 
be easily found. He should be active and do his best to keep close up 
with the transit party. The rodman should keep a peg book for record- 
ing turning points and instrument heights, and check his computations 
independently and compare results with the leveler. 

TOPOGRAPHY PARTY 

It is the purpose of the topography party to secure full data for 
mapping contours, property lines, buildings, roads, streams and other 
important topographic details. The width of territory to be embraced 
in the survey depends on local conditions; in places it may be as much as 
14 or K mile from the line, although it is usually better to run alternate 
lines when the distance to be included becomes so great. The topog- 
raphy party often consists of only two men, but a party of four is much 
more efficient. Sometimes no regular topography party is provided, 
but after running a few miles of line ahead, the transit and level parties 
are formed into several parties to bring the topography up to the end of 
the preliminary line. For student practice the topography party will 
consist of four members: (1) topographer, (2) assistant topographer, 
(3) topography rodman, (4) tapeman. 

Topographer. — (Topography board, topography sheet or several 
sheets, hard pencil, compasses, eraser, etc.) The topography sheet 
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should be prepared before going to the field, showing the alinement and 
other data needed from the transit notes, and elevations of all stations 
and pluses from the level notes Cross-section paper is to be preferred. 
The center line may be plotted to one side of the center line of the sheet, 
when the topography is to be taken farther in one direction than the 
other. In order ro secure full details, the scale of the field plat may well 
be double (or even more) that of the finished map. The topography 
sheet should show local conditions, such as gravel banks and rock 
ledges, suitable for ballast or other constructive use; out-croppings of 
rock or other mateidal which may affect the classification of the gradua- 
tion; character of substrata at sites of bridge or other masonry work; 
springs, wells, streams, etc., suitable for water supply; approximate 
flood levels and other data relating to waterways or surface drainage; 
location of streams, especially with reference to desirable crossings, 
freedom from probable change of channel, etc.; location of highways 
including elevations some distance either way, with special reference to 
avoiding grade crossings; other railroad lines, with the same point in 
view; character and condition of crops and other farm improvements, 
names of owners, etc. — in short, any and all information that is at all 
hkely to be of service in mapping the route, in projecting the location, 
during construction, etc. In locating a group of buildings some distance 
from the line, fix the principal one by tie lines, by intersection or by 
polar coordinates, and the others by measurement, and sketch from it. 
Locate buildings near the line by rectangular offsets, or by intersections 
of the principal outlines with the survey line. Contours are located by 
means of the hand level used by the assistant topographer. The con- 
tour interval should be 5 feet ordinarily, but may be increased to 10 
or more feet on very steep slopes. The contour data should be selected 
with special reference to ridge and gully lines (see problem and plat on 
contour leveling. Chapter IV). Ordinarily hand-level lines may be run 
out at right angles; angling lines along gulches and ridges may be located 
by estimation, pocket compass or tie lines. The plat is made by the 
topographer from data collected by the other members of the party. 
A common fault with the beginner in such work is the omission from the 
plat of important numerical data, such as station numbers of landline 
crossings, owing to an undue attention to the minute details of the 
drafting work. A good topography record, with contour notes on the 
left-hand page and field sketch showing all numerical data on the right, 
is shown in the accompanying form. 

Assistant Topographer. — (Hand level, pocket compass, topography 
notebook.) It is the duty of the assistant topographer to collect data 
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for tlie use of the topographer in making the plat. He uses the hand 
level, notes station numbers, distances, bearings, etc., and makes such 
record of the same as may be required to fit local conditions. In 
contouring, a special rod ^\dth an adjustable base (see Fig. 19, Chapter 
IV), if available, may be used; otherwise, an ordinary flag pole with 
alternate feet red and wdiite is employed. Beginning with the known 
profile elevation, as extracted from the leveler’s record, even 5-foot 
contours are located, as a rule, nominally every 200 to 500 feet at right 
angles to the line, except as ruling ridges or gullies may suggest other 
directions. His record should be ample and legible, and include data 
and information which may not properly be placed on the plat. All 
estimated elevations, distances or dimensions should be noted as such. 
The assistant topographer works under the direction of the topographer, 
but is expected to take the initiative in the collection of data so as to 
permit his superior to devote proper attention to the field plat. 

Topography Rodman. — (Topography rod with adjustable base [see 
(/), Fig. 19, Chapter IV] or flag-pole, hatchet.) It is the duty of the 
rodman to hold the topography rod as directed by the assistant topog- 
rapher. He should be active and continually on the alert for informa- 
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tion or data which the record book or sheet should contain. The rodman 
holds the zero end of the tape in measuring the distances. He should 
acquire skill in pacing on rough as well as smooth ground, and when 
sufficiently exact especially on ground remote from the surveyed line, 
he should gain time by pacing in the distances to contour lines. 

Tapeman. — (Metallic or band tape, set of chaining pins, flag pole.) It 
is the duty of the tapeman to determine distances with the help of the 
rodman. He should be vigilant in checking up tallies, reading fractions, 
leveling the tape, breaking chain, plumbing down ends, etc., and should 
never be the cause of needless delay in the work. When required, he 
should measure angles, take tie lines, etc., with the tape. 

OFFICE WORK 

The office work of each student includes: (1) reconnaissance map, 
profile and report; ^2) map showing preliminary lines with topography 
and projected location lines; (3) preliminary profile with grade lines, 
approximate estimate of quantities, etc. ; (4) final location map (traced 
from preliminary map); (5) location profile; (6) copies of field notes; 
(7) cross-section notes and estimate of graduation quantities; (S) estimate 
of cost of construction; (9) monthly estimates, progress profile, haul, 
prismoidal and curvature corrections, vouchers, etc., final estimate. 

Reconnaissance Report. — The reconnaissance map showing the area 
examined will be based upon such maps of the route as may be available. 
It should show the several ruling points and general routes selected for 
actual survey. The profile should be based upon barometric or hand- 
level observations and distances scaled from the map or determined 
roughly by pacing or otherwise on the ground. The report should 
refer to the map and profile and state the general scheme, the several 
ruling considerations or conditions, the details of the examination, a 
rough comparison of the several alternative routes and a final summary 
and conclusion with definite recommendations. The report should be 
made in accordance with best usage as to form, composition, etc. 

(Considering the limited point of view of the beginner, the reconnais- 
sance reports may not be required until the actual surveys are well 
along. In such case, however, the student is not to draw data from 
sources other than those above outlined.) 

Prelkninary Map. — The mapping should be the best product of the 
student’s skill as a draftsman, and should conform closely to the depart- 
ment standards, which are based upon best current usage of leading 
American railroads. Unless otherwise instructed, the preliminary map 
v^dll be made on eggshell or paragon paper. There are three ways to 



180 


SURVEYING MANUAL, 


c 

Pl 

)TTIN 

s Sh 

= ET, 

PRELI 

-IINARY 

Line “A 




\ 5ta- 

DeFl- 

Cal-Brg- 

Dist* 

Lstf- 

•udes 

Departures 

Total Lat* 

Total Dep. 





Ft- 

H- 

5* 

E 

W 

H- 

w. 


3 

0 


P-3Z'34'w. 

2489-/ 

2097-7 



1339-8 

0-0 

0-0 

a 

b 

24/89^ 

32‘’07'L- 

m‘’4/k- 

78-3 

33-6 



77-0 

2097-7 

7539-8 

b 

f 

23H75 

T8^I3R- 

pjcfck 

464-1 

373-4 



275-6 

2/ 3/ -3 

74/0-8 

c 




3-2548rV- 

225-5 

203-0 



98-1 

Z504-7 

7686-4 

d 



2'y. /?• 

m'zi'w. 

436-7 

'400-9 



775-7 

B707-7 

7784-3 

e 

f 

\36f93^ 

/8Wp- 

H-4‘4!'W- 

J64-8 

764-2 



J3-B 

3/08-6 

7957-6 

f 

Q 

38387 

4£759'1- 

P5/^47\‘/- 

732-9 

94-8 



719-9 

3272-8 

7971-J 

9 

A 

4M!^ 

37V3P- 

P-I4‘55'y/- 

776-0 

770-3 



44-3 

3367-6 

2091-0 

h 

/ 

4/W^ 

16^07^- 

rf-/^3Z'£- 

3/0-1 

309-9 


8-3 


3537-9 

2735-3 

f 

y 

it 

44i-57l 

ZI^’ZfL- 

p/f55k- 

703-9 

99-6 



36-1 

3847-8 

2127-0 

J 

40f035 

6^/7'l- 

PzsYw- 

307-8 

276-2 



733-9 

3947-4 

2763-0 

k 

/ 

49h7^ 

73‘'06'l- 

5-7g%Z'W- 

331-9 


65-0 


325-5 

4223-6 

2299-0 

1 


5Z-f43^ 

7374’P- 

3-28l4'/V. 

202-7 

778-9 



95-4 

4/58- 6 

2624-5 

m 

r? 

54/4^ 

2/‘^29£- 

349'j3k. 

756-4 

707-5 



119-0 

4337-5 

27/9-9 

n 

0 

56f22i\ 


P-8/‘'jSk. 

332-6 

- 48-4 



329-1 

4439-0 

\ 2838-9 

o 

p 

5$f359 

36^32R- 

3-44^46k 

308-7 

279-2 



217-4 

4487-4 

\ 3768-0 

P 

q 

62/43- 

//°34'l- 

p-zoWy/- 

728-1 

70-4 



707-0 

4706-6 

3385-4 

9 

r 

65f7/8 

42‘’20% 

5-8/"0'fV- 

257-8 


394 


248-7 

4777-0 

3492-4 

r. 

5 

66/25^ 

3O°03R- 

M-48'J7% 

334^ 

219-5 



252-0 

4737-6 

3741-7 

3 

/■ 

65/578 

33^J/'l- 

mk% 

266-9 

27-3 



1 265-5 

49S7’I 

3993-7 

f 

U 

m4^- 

2°05'R- 

P-8Z‘05'VI- 

317-0 

43-8 



\ 3/3-8 

4984-4 

4258-6 

U 


75/4/7 

yyz'i- 

P-89‘'Z5'y/. 

557-3 

5-7 



557-8 

50ZS-2 

4572-4 

t-* 


S.'-f/C 

-.‘3~.'5 .*:■ 

Pj7'. 

’767- 6 

3735- 



770-! 

5033-3 

5/30-2 

w 

A'l 

-l 


i 

j 

Tz: 7- 7 
/04-4i 

'7(7-44 
" 1 

' 8-3 

£908-6 

8-3 

^5773-3 

Tr5900-3 

X 

V, 



1 

5773-3\ 

— -1 

-Check.--.. 

£900-3-^ 

— Che^ 

.k> 

J 


fTot-Lat- 
\To't-Pfip 
Ft. . 


I 


5l 'la 


(Check. 

Jash 

fotals 

iyZ) 


Plo' 

From 

5^3. 

X. 

u 

ZG 

e/Assj- 

93 rBS 


J55i-761\ 

izoVis 

J 8 /+Z 3.2 


TING 

To 

Sta- 

Jr-. 

6 J-^S 8 - 2 x 

93^5 

'mrs/A 

/AZ^a,^ 

/ZAr^S 

/sAApi\ 

/ 84 tim 


Sheetj^ 

Length 

Tang’ts; 

Ft* 

Trarck^ 


J755-6\ 
3 m- $\ 
4f3S-3 
M0G-3 
320-9 


LoqATiON 


Length 

Curve 

Ft- 

JOO-0 

2309^0 

J 2 J 23 

9Se-7 

JISG-7 

/0SG‘7 

S68'9 


963-8 

986^0 


-.■7^ VJ-i . 


V 

\ 

Check ' 


} 4 SJ 4-7 

/ 093 S- 0 - 

Z37S2‘7\ 


784-4- 
/J93‘0 
3/7 -r 


-J0938-P\ 


Angle 

I 

JZ-JZ- 

7‘'30'3- 

23WR- 

J3‘'/8'l 

Z3^4'L 

2 I'’ 44 'r\ 

J/‘^46'l- 


\j27°Z5'k- 

87‘’33'l\ 


53373'£ 


Survey, Belt R-R* Extension* 


Degree 

D. 


730^ 
jW 

2^30’ 

J'’30' 

2W 

ZW- 

/"30' 

IW 

2^00* 

Z^SO’ 
Tang^Natn Trk.- 
)(.-Y- 3 ^Z-B-/S- 
\(lshT/-IastT) = 

Z Tarngen/s » 

C/ieck. 


Radius 

R- 

Ft- 

Z64-J 

3730-0 

2863 - 0 ^ 

3B2O-0\ 

2865-0 

2863-0\ 

3820-0 

3820-0 

2865-0 

764- J 


Tan- DIst'j 
T 
Ft- 

30-1 

J270-3 


330-0 


393-6 


5560-9 

X 2 


\/I/2/-3 

3/9-0 


Dist- 
I P-1* toPl* 
Ft- 


5-35/33., 
J 3 20-4/5-27^5 £\ 


4380- /\ 


26/8-3 


/963-8 


\Z5617-S\ 


Calc* 

Bearing 


5-3‘’32'3-\ 

\ 5 / 872 'm 

sb/^/Aw- 

\5-/9"28'lV. 


5-43 7? h/. 

5-475'W. 
(See 
e/reck 
in 5fh 
cohmn) 


flat. 

\Dep. 

Ff* 

_p.j.= 

>.y.= 

U 

P-/-= 

9- 


P-/-^ 



RAILROAD SURVEYING 


181 


plot the skeleton of the preliminary survey: (1) by laying off each 
successive deflection angle and distance from the preceding line; (2) 
by laying off the successive calculated courses and distances from a 
precisely drawn meridian or other reference line; and (3) by rectangular 
coordinates. The first method should not be used, since cumulative 
errors are probable. The second is rapid and free from serious objection; 
if preferred, a modified base line may be assumed and the calculated 
bearings transferred to the same; the angles may be laid off by means 
of scale and table of natural trigonometric functions from a precisely 
drawn base line and then transferred, as required, by parallel ruler or 
triangle; this method is used most in practice. The third method is 
the most exact, and will be used by the student unless the second is 
specified. It involves the calculation of a plotting sheet, as shown in the 
accompanying form. The axis is usually a meridian line, but any line 
may be taken and the courses changed to suit. In making the plotting 
table, the data, calculated bearings, distances, etc., should be care- 
fully checked through to the last point in the skeleton before the plot- 
ting is begun. Only one axis should be plotted, preferably the one 
having greater totals, so as to give short perpendiculars. Starting from 
the origin, 1,000-foot points are pricked in along the axis to the specified 
scale, and marked 0, 10, 20, etc.; the totals are interpolated on the 
axis and lettered; exact perpendiculars about the right length are 
erected; the second point is established by scaling the perpendicular 
and the line is checked back on the preceding point; if correct, the 
stations are pricked in and every fifth station and deflection points are 
enclosed in a small circle and neatly numbered; the next course is so 
located and checked back by the length of the hypothenuse, the stations 
are fixed and numbered, and so on to the end of thq line; the courses 
should be taken in their order and none passed without checldng satis- 
factorily. After the skeleton is completed, the topographic details are 
penciled in, and the map is finished and inked. The title, border, merid- 
ian (both true and magnetic), etc., should be first class in quality and 
in keeping with the rest of the map. Crude or careless lettering or 
other details of the map will cause its rejection. The title of the map, 
profile, etc., should be given in brief on the outside of the sheet or roll 
at each end. 

Preliminary Profile, — se plate A profile paper in making the profiles. 
The level notes should first be carefully verified and then one person 
should read off while another plots the data. A hard pencil, 6H or 7H, 
sharpened to a long needle point should be used. The stations are 
first numbered along the bottom from left to right (or the reverse, as 
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prescribed) ; leaving 6 inches or so at the left for a title, and beginnin? 
at a prominent line 'vv'ith station 0, every tenth station is so numbered. 
The notes are examined for lowest and highest elevation and a prominent 
line is assumed as an even 50- or 100-foot value relative to the datum. 
The horizontal scale is 400 feet and the vertical scale 20 feet to the 
inch. Points should be plotted no heavier than necessary, since the sur- 
face of profile paper will not permit much erasing. The surface line 
should be traced in close up to the plotted points, owing to the danger 
of overlooking abrupt breaks such as streams, ditches, etc. Pluses 
should be fixed by estimation. The surface line when completed should 
be inked with a ruling pen used free-hand; the weight of the line should 
be about the average of the ruled lines on the profile paper. (A special 
profiling or contouring pen is much used for this purpose.) The pro- 
file should show the grade line, grade intersection, elevations and rates 
of grade in red; water levels and data relative to same in blue; surface 
line, station numerals, etc., in black; the alinement, important land- 
lines, streams, etc., should be shown at the bottom of the profile in 
black. The grade line should be laid nominally with a view to balance 
the cut and fill quantities, but this should be varied to suit local condi- 
tions, such as drainage, the elimination of grade crossings and classifica- 
tion of materials. The maximum gradients, the rate of compensation 
for curvature, etc^., vdll be made to suit the specified conditions. The 
compensation for curvature, vuU be allowed for on the preliminary pro- 
file by dropping the grade line on maximum gradients at each deflection 
point. Grade-intersection elevations and rates of grade will be given 
to the nearest 0,01 foot. 

Approximate Estimates. — Rapid estimates of earthwork quantities 
may be made direct from the profile either by reference to a table of 
level sections, or preferably by means of an earthwork scale. Estimates 
made in this way from the profile of a careful preliminary survey often 
do not vary more than 5 per cent from the final construction quantities. 

Location Map. — The location map may be traced from the prelim- 
inary map and should include the topography and such details as usually 
appear in the final record map of the located line. Contour lines may 
be traced in cadmium yellow to insure satisfactory blue printing. 

Location Profile. — The location profile should be executed according 
to the standard specimen, and should include estimates of earthwork as 
determined from the actual cross-section notes, and quantities of other 
construction materials. Curvature compensation will be shown on the 
location profile by reduced maximum gradients. Vertical curves will be 
calculated at a rate of change not to exceed 0.05 foot per station, except 
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at summits where it may be 0.10 foot or more per station. It should 
be prepared as the final record profile. Approximate profiles of pro- 
jected lines, determined from the contour map, with rough estimates of 
quantities will also be prepared, as specified. 

Office Copies of Hotes. — The complete level and transit notes, and 
topography notes as assigned, must be copied in the individual books 
by each student. These copies will be in pencil (or ink if so specified) 
and will be executed in a faithful and draftsmanlike manner according 
fco the department standards of lettering, etc. 

Estimates of Quantities- — The cross-section notes will be copied and 
the quantities of excavation and embankment calculated, as assigned. 
The cross-sectional areas will be calculated arithmetically and checked, 
especially on rough ground, by means of planimeter. The quantities 
will be calculated by average end areas, by tables and by diagrams, so 
as to afford ample practice for the student in all the current methods. 
The estimate will also include all the other materials of construction . 

Estimate of Cost. — Ea6h student will make a detailed summary of 
the quantities, fix prices and estimate the probable total cost of the 
work, or of the assigned section. The prescribed form will be followed. 
The prices should be based on local conditions as far as possible. 

Construction Estimates. — Monthly estimates, estimates of haul, 
borrow-pit estimates, classification, prismoidal and curvature correc- 
tions, progress profile, vouchers, force account, etc., and final estimate 
will be prepared by each student in accordance with prescribed forms 
and standards. 

Right-of-way Records. — Each student will be assigned a share of 
work in the preparation of right-of-way deeds and record maps. The 
following forms (from the “Engineering Rules and Instructions, ” North- 
ern Pacific Railroad) will be used as models in preparing right-of-way 
descriptions. 

Through government subdivisions : . . . 

A strip, piece or parcel of land one hundred feet in widths situated in the 
northwest quarter of. the northwest quarter of section ten, in township two 
north, range one west (S, 10, T. 2 N., R. 1 W.), Madison county, Montana,, 
and having for its boundaries two lines that are parallel with and equidistant 

from the center line of the railroad of the Railway Company, as 

the same is now located (and constructed). For a more particular descrip- 
tion, reference may be had to the plat drawn upon and made a part of this 
deed. 

Lots in platted tracts: 

'■“Lot seven ('^)7blOckfsix X6),'m'Smith'’^ard’dition to H*eteh^,'’ Lewis &,nd Clark 
county. Montana according to the recorded plat thereof. 
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CROSS-SECTIONING PARTY 

It is the duty of the cross-sectioning party to set slope stakes for the 
proposed roadbed and to secure data for the calculation of earthwork 
quantities. The data should first be transcribed from the location 
level notes and profile into the cross-section book, including station 
numbers, surface and grade elevations, rates of grade, bench-mark 
record, etc. In order to avoid confusion in relation to directions right 
and left, the station numbers should run up the page, and plenty of 
space left for pluses in the notes, especially on rough ground. As shown 
in the form, the left-hand page should be used for data and the other 
for the cross-section notes. 
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The organization and equipment of the cross-sectioning party when 
using the engineers^ level is: (1) recorder (notebook), (2) leveler (engi- 
neer's level), (3) rodman (self-reading leveling rod, 50-foot tape), (4) 
axemen (axe, sack of flat stakes, marking keel). The usual routine is: 
(1) Determine height of instrument by back sight on identified bench 
or turning point. (When a bench mark is remote and an original turn- 
ing point cannot be found, it may suflSce in an emergency to check on 
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the ground at several stations to the nearest 0*1 foot and use the mean 
height of instrument. Such places should be verified later.) (2) 
Having the height of the instrument, check the original elevation of the 
station about to be cross-sectioned, reading the rod and checking off 
the elevation if it does not differ more than 0.1 foot or so; in case of a 
new plus, take a rod reading and record the elevation. (3) Determine 
the grade rod’" for the station by subtracting the height of the instru- 
ment from the grade elevation; then note that the cut or fill at any point 



of the cross-section is equal to the surface rod minus the grade rod 
(counting rods as minus when downward from the plane of the level and 
those upward as plus, this rule gives results always plus for cut and 
minus for fill, which agrees with the conception that cross-section notes 
are rectangular coordinates of the sectional area referred to the center 
of the finished roadbed as an origin). (4) If the ground is level trans- 
versely, that is, does not vary more than 0.1 foot or so within the limits 
of the proposed grading, then the distance from the center out to each 
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Cro33-3eci:/o/? a333s3/o/? 733^33 



Fig. 41. — Cross-seetiona. 
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‘vjide slope stake is half the width of the roadbed plus the center cut 
or fill times the rate of the side slope; (thus for a 20-foot roadbed, side 
slopes 1 to 1, and a cut of 18.6 feet, the distance out to the slope stake on 
a level section would be 28.6 feet, or with a slope of IH to 1, the distance 
out would be 10 plus 11^ times 18.6, or 37.9 feet. Calculations of this 
sort should be done mentally in an instant). (5) On three-level ground 
estimate the rise or fall of the surface from the center’ to about where 
the side-slope stake should come, and add the same to, or subtract it 
from the center cut or fill, as the case may be ; compute the distance out 
to the point where the side-slope line would pierce the ground surface 
and test the same with tape, rod and level by the foregoing rule for 
cut or fill; continue to construct points on the side-slope line until the 
common point is found. (6) The axeman marks ^‘8. (slope stake) 
on one side of the stake with the cut or fill to the nearest 0.1 foot (as C 
6.8 or F 10.2) and the station number on the other side; the stake is 
driven slanting toward or away from the center line according as it is 
cut or fill. (7) On five-level ground or, in general, on ground involving 
any number of points or angles in the section, the cut or fill is taken 
at each break. (8) Should there appear to be danger of land sHps, the 
cross-sectioning should be carried well beyond the limits of the slope- 
stake points. (9) The cross-section notes are recorded as in the accom- 
panying form, expressing the coordinates of each point in the form of 
a fraction, and distinguishing the slope-stake points by enclosure in a 
circle. (10) When the cross-sectioning at the station is completed, the 
same program is followed at the next point, the elevation obtained in the 
original location levels being checked first; the grade rod should be deter- 
mined as before by subtracting the height of the instrument from the 
grade elevation, and then checked by applying to the preceding grade 
rod the rise or fall of grade from the preceding point. (11) Cross- 
sections should be taken as a general rule at every station and at such 
intermediate points as will insure a reliable measurement of the earth- 
work quantities. It is not necessarily the lowest and highest points 
that are required, but those points which, when joined by straight lines, 
will give the contents as nearly as possible equal to the true volume; if 
the ^'average end areas method is to be used in calculating the quanti- 
ties, sections should be taken every 50 feet when the difference of center 
height is as much as 5 feet; as a rule, slope stakes need not be set at 
cross-sections taken between stations- (12) Grade-point’’ stakes 
(marked 0.0), should be set where the center line and each edge of the 
roadbed pierce the ground, and also in side-hill sections in both cut and 
fill, where the roadbed plane cuts the ground line ; if the width of road- 
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bed is different in cut and fill, the greater half width is commonly used 
in locating the side grade point; in the simplest case a contour line is 
perpendicular to the center line and the three grade points are at the same 
cross-section, forming two wedges; in the more usual case the contour 
line is diagonal, and the three grade points are not in the same section, 
so that two pyramids are formed; if the station numbers of the two 
side grade points differ fey only a few feet, it is usual to simplify the 
record by taking the notes as for a wedge at the station number of 
the center grade point, although the side grade-point stakes are set 
in their true positions; as a rule, a complete cross-section is taken at 
each grade point. (13) In cross-sectioning for the end of an embank- 
ment at a wooden trestle the end slope is made the same as the side 
slope, and the end and side planes are joined by conical quadrants; the 
distance between heads of dump^^ (H. D.) is usually 10 feet (5 feet 
at each end) less than the total length of stringers; a complete cross- 
section is taken at the “head of dump,” and the “toe of dump” (T. D.) 
on each edge of the end slope is located and recorded; on level ground 
the volume of the wedge-like solid so formed is found by dividing it 
into a triangular prism and two right conical quadrants; on ground 
sloping transversely the end of dump is made up of a middle prismoid 
and two conical quadrants, each of the latter being generated by a 
variable triangle revolved about a vertical axis through a corner of 
the top roadbed plane at the “head of dump.” 

The calculations in the foregoing method of cross-sectioning may be 
simplified by preparing a table of distances out for the standard roadbed 
widths and slopes, or by using a special tape having the zero graduation 
at a distance from the end equal to the half width of roadbed, and the 
remaining graduations modified to suit the side-slope ratio. The cal- 
culations may be further simplified by using a special rod having an 
endless sliding-tape graduation. The student will be given practice with 
these labor-saving devices after he has first acquired familiarity with 
the principles of cross-sectioning without these aids. 

Cross-sectioning with rods alone is done in much the same manner 
as that described above. Two rods are used. The usual length of the 
rods is 10 feet, and each is graduated to tenths and has a bubble vial 
in one or both ends. The slope-stake point is determined by leveling 
out from the ground at the center stake with reference to the center 
cut or fiU, each rod being held alternately level and plumb. Other 
points in the cross-section, as weU as grade points, etc., are determined 
in the same manner. The notes are kept as in the other method. On 
very rough ^round, the rod method is usually the more rapid. Some 
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engineers cross-section on rough ground by taking the elevation of 
each point and plotting the notes on cross-section paper, then using 
the planimeter to determine the areas. Borrow pits are often cross- 
sectioned by taking elevations at the intersections of two series of paral- 
lel lines forming squares. 

BAWD-LINE PARTY 

It is the duty of the right-of-way party to secure data for the prepara- 
tion of right-of-way deeds. The party should consist of at least four: 
(1) recorder, (2) transitman, (3) head chainman, (4) rear chainman 
(the chainmen also serve as axemen and flagmen as required). Their 
equipment is the usual one of a transit party for such work. The 
party should secure ties with all section and other land lines whenever 
crossed. The notes should show station numbers and angles of inter- 
section and distance along land line to the nearest identified land corner 
and also to important fences. As a rule, make the intersection by 
running through from one corner to the other. Where the line passes 
through a town, tie the center line to the plats, block lines, monuments, 
etc. Secure any records and make tracings of any plats, etc., at the 
recorder’s office, that may be of service in preparing deeds. 

BRIDGE AND MASONRY PARTY 

The bridge and masonry survey party will determine drainage areas 
for culverts and other waterways, prospect for foundations, and stake 
out trestles, masonry work, etc. The usual organization will be four 
men: (1) recorder (in charge), (2) transitman or leveler, (3) chainman, 
rodman, flagman, etc., (4) chainman, axeman, flagman, etc., as the 
work assigned may demand. 

REStJRVEY PARTY 

The resurvey party will be assigned to such duties as the resurvey of 
yards, the collection of data for crossings frogs, runrdng centers on old 
track, including spiraling, etc. It will usually be a party of four. 

PROBLEMS IN RAILROAD SURVEYING 
Problem Gl. Adjustments of Level and Transit 

a. Equipment. — Engineers’ level and transit, adjusting pin. 

5. Problem. — Test the essential adjustments of the assigned instruments 
and correct any discrepancies foimd. 
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c. Methods . — This problem is designed to freshen the student’s knowledge 
of the adjustments of the instruments, as well as to place the equipment in 
condition for accurate work. The adjustments will be made under the 
personal direction of the instructor. The student should attempt to be 
speedy as well as accurate in testing and making the adjustments. 

Problem G2. Use of Field Equipment 

а. Equipment . — Complete equipment for railroad transit and level party, 
as specified in foregoing pages. 

б. Problem . — Practice the detailed duties of each position in the transit 
and level party. 

c. Methods . — This problem is designed as a * ^ breaking-in exercise 
preparatory to engaging in the regular field work of railroad location. With 
the manual in hand the duties of each position will be studied and practiced 
in turn. 

For example, each student will go through the following exercise with the 
transit as briskly as possible: (1) set the transit over the tack in the hub, 
(2) level up, (3) set the plate to zero, (4) reverse the telescope and sight on 
the back fiag, (5) release the needle, (6) plunge the telescope, (7) read and 
record the needle on the back line prolonged, (8) sight at the front flag pole, 
(9) read and record the deflection angle right or left, (10) read and record 
the needle on the front line, (11) lift the needle, (12) plunge the telescope 
and check on the back flag, (13) calculate the needle angle and compare with 
the plate reading and, if checked, shoulder transit; now repeat the entire 
process at the same hub, more briskly than at first, if practicable, avoiding 
reference to the preceding record until the full series of steps is completed. 

Let the student prepare a similar numbered program for each of the other 
positions and practice the same systematically. This series of -exercises 
may profitably occupy two or more assignments, since the speed and quality 
of the actual surveys to follow are certain to be much enhanced. 

Problem G3. Preliminary Field-curve Practice 

a. Equipment . — Transit party equipment, as prescribed in instructions. 

. b. Problem .- — -Pun out the assigned practice curves in the field, with the 
prescribed organization and conditions. 

c. Methods . — The preliminary curve practice is designed to give th'e\ 
student" a practical knowledge of ’the principles of railroad curves and 
the routine methods used in location surveys. The several positions in the 
field party will be -filled in succession, and eS-ch student is expected to 
respond heartily to the spirit of the practice, whatever his assigned duties. 
Each member of the party should engage in the calculations as far as practi- 
cable- The report of the field work should state the precision of linear and 
ftngular checks. -..The field practice will be based in part on the indoor cturve 
problems. \ 
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Problem Z. Calculation of Curve Elements 
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Part 

Method 
ca> 1 (b) 

L 

1407^-7 

1407^ 

T 

776.7/ 

776.77 

E 

20915 

209 17 


60.2533 ) 4 263 3 3 
/4.07J9 


1337 65 
66035.0 
66882 
1070/ 

80 

8 _ 

77 6 J} 
ok 


D7fr. due to approx, 
basis of met bod ( 6). 


Tf f60V6')= 3326.0 
77(60V8')^ 3328 3 
T/60V7'J^3327 / SO 4°. 2333 CD 
2933 33 776.77 

32882 o k 
29983 
2899 
2570 
329 
300 

(b). 29 

JO 



7337. 65 
6365 7.0 
0376 
6688 
803 
40 

£. 

?09JS 
o.Jc n 


E:,C60°/6')-895 14 
£,C60°/8I = 896.5 
£, C60’^77'J -- 695 95 )4 2833 CD 
85667 205./7 
3923 ok 
3355 
73 
43 


D/ff due fv approx, 
basis of me ibod Cb). 



Problem G4. Curve Problems 
a. Equipment . — Drafting instruments, paper, etc. 

h. Problem . — Solve the assigned problems in railroad curves and submit 
rt suits in a neat and draftsmanlike form. 

c. Methods. — (1) Draw a plain figure to the largest convenient scale. 
(2) State the problem and present the data in a concise and systematic 
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manner. (3) Show the separate steps clearly; first state formulas in general 
terms, then substitute values and give results; as a rule, show actual calcula- 
tions adjacent to the indicated work; habitually verify results by an inde- 
pendent process; use common-sense checks and contracted methods of 
calculation; in general, make full use of the opportunity to gain skill as a 
computer. (As a rule, the nearest 0.1 foot only is required in field measure- 
ments on curve location, but it is excellent practice,_ especially for the 
begioner, to preserve the nearest 0.01 foot in the calculations.) 



CHAPTER IX 


ERRORS OF SURVEYING 

Errors. — Errors of observations are of three kinds, viz.^ (1) mistakes, 
(2) systematic errors, (3) accidental errors. Systematic errors include 
all errors for which corrections can be made, as erroneous length of 
standard, errors of adjustment, refraction, etc. Accidental errors are 
those which still remain after mistakes and systematic errors have been 
eliminated from the results. 

It has been found from experience that accidental errors are not 
distributed at random but follow mathematical laws. These laws are 
fundamental in the Theory of Least Squares and are: (1) small errors 
are more frequent than large ones; (2) positive and negative errors are 
equally numerous; (3) very large errors do not occur. 

Arithmetical Mean. — The most probable value of a quantity obtained 
by direct measurements is the arithmetical mean of all the determina- 
tions where the observations are of equal weight, or is the weighted mean 
where the observations are of unequal weight. 

Precision of Observations. — ^In the adjustment of observations it is 
often necessary to combine results of different degrees of precision 
or weight. It is also desirable to have some means of comparing obser- 
vations so that the computer may know what degree of confidence to 
place in the results. The quantity commonly used for comparing the 
precision of observations is the probable error. 

Probable Error. — The probable error is such a quantity that it is an 
even wager that the number of errors greater is the same as the number 
of errors less than the probable error. It is also the limit within which 
the probability is one-half that the truth will fall. For example, if 
4.63 ± 0.12 is the mean of a number of observations, the true value 
is as likely to be between 4.51 and 4.75 as it is to be some value greater 
or less. 

Probable error is also useful in finding the relative weights that should 
be given different sets of observations, as it has been found that the 
weights of observations vary inversely as the squares of their probable 
errors. 
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Formulas : 

Let El — probable error of a single observation. 

Em — probable error of the mean of all the observations. 

= the number of observations. 

d “ the difference between any observation and the mean of all 
the observations. 

S = s^unbol signifying sum of. 

Then from the Theory of Least Squares 
El = 0.6745. 

'\/n 

The probable error of the weighted or general mean is 

- « WiSSi; 

where Up — summation of the weights. 

The probable error of a quantity with a weight p is equal to En divided 
by the square root of p. 

The probable error of Z, Avhere Z — zi ± sa. and Ri, ri and r 2 are 
the probable errors of Z, Zi and Z 2 , respectively, is 

Ri^ = ri^ + r2- (5) 

The probable error of Z, where Z = a. z is 

Ri^ = ( 6 ) 

The probable error of Zj where Z — zi • Z 2 is 

Ri^ = Zi'^ ■ • ri^ ( 7 ) 

This would be the probable error of the area of a rectangle where ri 
and r 2 are the probable errors of the sides zi and Zz, respectively. 

Example. — ^As an example of the application of these formulas con- 
sider the two following series of measurements of an angle given in 
Table I. The first set was taken with a transit reading to 10 seconds, 
the second with a transit reading to 30 seconds. 

The weights of these mean values vary inversely as the squares of 
the probable errors, or in this case the weights are as 1/4.3^ to 1 /6.3^ or as 


( 1 ) 

( 2 ) 

(3) 

(4) 
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Table I 


First transit Second transit 


No. 

Angle 

d 


No. 

Angle 

d 

d^- 

1 

0 / 

34 55 

35 

2 

4 

1 

0 / 

34 56 

// 

15 

39 

1,521 

2 


35 

2 

4 

2 

55 

30 

6 

36 

3 


20 

13 

169 

3 

54 

30 

66 

4,356 

4 


05 

28 

784 

4 

55 

15 

21 

441 

5 

56 

15 

42 

1,764 

5 

56 

00 

24 

576 

6 

55 

40 

7 

49 

6 

55 

45 

9 

81 

7 


10 

23 

529 

7 

55 

30 

6 

36 

8 


30 

3 

9 

8 

55 

30 

6 

36 

9 


50 

17 

289 

9 

56 

00 

24 

576 

10 


30 

3 

9 

10 

55 

45 

9 

81 

Mean 34° 55' 

33" 

= 

= 3,610 

Mean 34° 55' 

36" ; 

= 

= 7,740 


E„ - 0.6745V|'^ = +4".3 = q.6745^J^^ = ±6".3 


12 to 5. The most probable value of the angle measured with the two 
transits will be the weighted mean. 


Z = 34° 55' + 


33 X 12" H- 36 X 5" 
17 


= 34° 55' 33".9 


The probable error of this result from (5) since 
Z = ^{7 is 

Substituting we have 

Ri — ±4". 3 -V^^/dT i3".6 


For other examples in the use of probable error see probable error of 
measuring a base line, probable error of setting a level target, probable 
error of setting a flag pole. 

Angle Measurement. — The measurement of an angle requires two 
pointings and two readings. If Vr and n are the probable errors of 
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reading and pointing, respectively, the probable error of the measure- 
ment of an angle will from (5) be 

Rx — V^rr^ + 

If Ti is the probable error of a single reading 

Tr — Tx 

If the value of an angle is determined by n separate measurements 
the probable error due to reading will be 

7*r — /— 

If the value of an angle is determined by measuring the angle n times 
by repetition the probable error due to reading will be 

riV2 

Tt = 

n 

It will thus be seen that the probable error due to reading is very 
much reduced by measuring an angle by the method of repetition. The 
errors of pointing, etc., however, make it doubtful whether it is ever 
advantageous to make n exceed 5 or 6 with an engineers’ transit. 

Angle Adjustment. — When the three angles of a triangle have been 
measured with equal care they should be adjusted by applying one-third 
of the error as aU correction to each angle. 

When the interior angles of a polygon having n sides have been 
measured with equal care they should be adjusted by applying one-nth 
of the error as a correction to each angle. 

When n — 1 angles and their sum angle at a point have been measured 
with equal care they should be adjusted by applying one-nth part of 
the error as a correction to each angle. 

In a quadrilateral the true values of the angles fulfil the following 
geometrical conditions: (1) the sum of the angles of each triangle is 
equal to ISO degrees plus the spherical excess (the spherical excess in 
seconds of arc is equal approximately to the area in square miles divided 
by 78); (2) the computed length of any side when obtained from any 
other side through two independent sets of triangles is the same in both 
cases - 

When the angles of a quadrilateral have been measured, errors are 
certain to be present and the corrections that satisfy one of these con- 
ditions will not satisfy the other. The most probable values of the 
corrections to the angles are then determined by the Theory of Least 
Squares. 
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TESTS OF PRECISION 

Practical Tests. — In careful surveying where blunders are eliminated 
and the systematic and accidental errors are small and under control, 
it is found that the magnitude of the errors increases in close accord with 
the foregoing rational basis, that is, as the square root of the number of 
observations. The following practical tests of precision are based on 
this truth. 

Tinear Errors. — Cumulative or systematic errors usually increase 
directly as the length of the line chained, while compensating or acci- 



Fig. 42. — Chaining errors. 

dental errors vary about as the square root of the length. While both 
kinds of errors affect all linear measurements, the former chiefly control 
the results of crude and the latter of accurate chaining. It is thus fairly 
consistent to express the precision of chaining in crude work in terms of 
the simple ratio of the length; but as the chaining becomes more and 




198 


SURVEYING MANUAL 


more exact, the variation of the differences between duplicate measure- 
ments approximates more and more closely to the law of square roots. 

In the chaining diagram in Fig. 42, the distances are expressed in. 
length of line in 100-foot units. 

The diagram of chaining errors (Fig. 42) shows chaining ratios by 
right lines radiating from the origin, and the law of square roots by 
means of parabolas. The coefficient of precision for a given observed 
difference between duplicate chainings is determined by^ inspection from 
the diagram, interpolating between curves if an additional decimal place 
is desired in the result. In actual practice a pair of careful chainmen 
may determine the coefficient corresponding to a given degree of care, 



10 15 20 25 


■t^umber of Angles in Polygon or Series^ N. 
Fig. 43. — Angular errors. 


and then use this value either in testing their duplicate results, or in 
estimating the probable uncertainty of the lengths chained. 

For. hiccurate chaining with the steel /tape, duplicate measurements 
reduced for temperature, etc., or made under sensibly identical condi- 
tions, should not differ more- than 0.05 foot into the square root of the 
distance in 100-foot units. Careful work with the common chain 
(estimating fractions to 0.1 foot) should not differ more than O.I foot 
into the square root of the distance in 100-foot units. 

' Angular Errors. — In measuring deflection angles by -altitude reve'^sals, 
as im railroad traversing, there is, of course a cumulative discrt j >ancy 
owing. tadhn.ceLdiiha<tiamexroi;‘-Jc5ut, generally:.speakihg, vfiareful angular. • 
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measurements with good instruments are subject only to compensating 
or accidental errors. Under the latter conditions the magnitude of 
the error of closure in a series of angles, either in a closed polygon or 
about a point, varies about as the square root of the number of angles. 
This relation is indicated graphically in the diagram of angular errors. 

In measuring angles with a transit reading to the nearest minute, 
the compensating uncertainty of a single reading is probably somewhat 
under 0.5 minute per angle, or about 1 minute for the closure of a triangle. 
If a reading glass is used and the vernier reads to the nearest half minute, 
the uncertainty is still further reduced. 

Again, in estimating the needle reading of a compass to the nearest 
5 minutes (one-sixth part of a half degree), the uncertainty of reading 
alone is perhaps 3 minutes, although this is increased by other condi- 
tions such as sluggishness of the needle, probably causing an uncer- 
tainty of as much as 5 minutes per angle, which latter limit would 
produce an error of closure of a triangle of say 10 minutes, and of a 
five-sided polygon of perhaps the same amount. (See Fig. 43.) 

Base Lines. — The U. S. Geological Survey has the following control 
for base-line measurements: Surveys of the first order, 1:25,000; second 
order, 1:10,000; third order, 1:5,000. 

Traversing Errors. — The errors of traversing are made up of the 
combined errors of linear and angular measurements. If the error of 
closure as determined from the latitudes and departures is large, the 
work should be scanned closely to detect blunders such as the substitu- 
tion of sine for cosine, errors of 100 feet in chaining and misplacing the 
decimal point. After the consistency of the residual errors is established, 
they should be distributed either in proportion to the lengths of the 
several courses, as in the more common usage, or in the proportion of 
the respective latitudes and departures, as would seem to be more 
consistent. If the several courses have not been surveyed with like 
precision, weights should be assigned in distributing the errors. Absurd 
refinement should be avoided in making the distribution of errors. 

Traverse Surveys. — The U. S. Geological Survey has the following 
control for traverse surveys: Surveys of the first order, 1:25,000; second 
order, 1:10,000; third order, 1:5,000. 

Leveling Errors. — Perhaps in no phase of surveying measurements is 
it more clearly established that accidental errors follow the law of 
square roots than in careful leveling. 

Level Circuits. — The U. S. Geological Survey has the following c ontro l 
for level circuits: Surveys of the first order, E = 0.017 feety ^miles ; 
second order, E — 0.035 feetV^ml^; third order, E = 0.05 feet-x/ miles 
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The permissible error on several large projects is as follows, where 
E — permissible error of closure in feet, and M is the length of the level 
circuit in miles. 

Chicago Sanitary District, E = 0.012 ieet\/M. 

Mississippi River Commission, E = 0.01 feet\/M- 
U. S. Lake Survey, E = 0.04 feet VM* 

Railroad surveys, E = 0.05 feet\/M* 



CHAPTER X 


METHODS OF COMPUTING 

Introduction. — To no one is the ability to make calculations accurately 
and rapidly of more value than to the engineer. Many fail to appreciate 
the value of rapid methods of calculation, and have no conception of 
the amount of time that can be saved by the skillful use of arithmetic, 
logarithms, reckoning tables and computing machines. 

In the field the engineer has to depend upon the ordinary methods of 
arithmetic or a table of logarithms for his results. The use of these 
aids should therefore receive special attention, for the engineer cannot 
afford to lose the time of his assistants while he makes unnecessary or 
extended computations. 

In the office tables of squares, reckoning tables, slide rules and 
computing machines can be used in many cases with profit. 

Consistent Accuracy. — It is safe to say that at least one-third of the 
time expended in making computations is wasted in trying to attain a 
higher degree of precision than the nature of the work requires. 

In making arithmetical computations where decimals are involved it 
is a common practice to carry the result out to its farthest limit and 
then drop a few figures at random. 

In using logarithms time and labor are lost by using tables that are 
more extensive than the data will warrant. The relative amount of 
work in using four-, five-, six-, and seven-place tables is about as 
1, 2, 3 and 4. Besides the extra labor involved, the computer has a 
result that is liable to give him an erroneous idea of the accuracy of his 
work. 

In making computations, in general, calculate the result to one more 
place than it is desired to retain. 

If several numbers are multiplied or divided, a given percentage of 
error in any one of them will produce the same percentage of error in 
the result. 

In taking the mean of a series of quantities it is consistent to retain 
one more place than is retained in the quantities themselves. 

In direct multiplication or division retain four places of significant 
figures in every factor for an accuracy of about 1 per cent; retain five 
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places of significant figures in every factor for an accuracy of about 
one-tenth of 1 per cent. 

LOGARITHMIC CALCULATIONS 

Logaritiun Tables. — Logarithm tables contain the decimal part of 
the logarithm called the mantissa; the integral part called the charac- 
teristic is supplied by the computer. 

Tour-place tables give the mantissa to four decimal places of numbers 
from 1 to 999, and by interpolation give the mantissa of numbers from 
1 to 9,999. Tour-place logarithms should be used where four significant 
figures are sufficient, and should not be used where an accuracy greater 
than one-half of 1 per cent is required. 

Tive-place tables give the mantissa to five decimal places of numbers 
from 1 to 9,999, and by interpolation give the mantissa of numbers 
from 1 to 99,999. Five-place logarithrns should be used where five 
significant figures are sufficient, and should not be used where an 
accuracy greater than one-twentieth of 1 per cent is required. Five- 
place tables are sufficiently accurate for most engineering work. 

Six-place tables give the mantissa to six decimal places of numbers 
from 1 to 9,999, and by interpolation give the mantissa of numbers 
from 1 to 99,999, the same as the five-place tables. Six-place tables 
give practically no gain in precision over five-place tables since the 
same numbers of significant figures are given in both tables, and in 
addition the labor of using a six- instead of a five-place table is about 
as 3 to 2, owing to interpolation with larger differences. For the above 
reasons five-place tables have been selected for use in this book as being 
the most suitable tables for use in surveying. 

Seven-place tables give the mantissa to seven decimal places of 
numbers from 1 to 99,999, and by interpolation of numbers from 1 to 
999,999. Seven-place tables are rarely needed in engineering work, 
except in triangulation work where the angles are measured by repetition. 

ARITHMETICAL CALCULATIONS 

Requirements. — To become a rapid computer the following require- 
ments are essential: 

a. A good memory for retaining certain standard numbers for 
reference. 

h. The power of performing the ordinary simple arithmetical opera- 
tions of multiplication, division, etc., on numbers with facility, quick- 
and accuracy. 
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c- The power of registration, that is, of keeping a string of numbers 
m the mind and working accurately upon them. 

d. The power of devising instantly the best method of performing a 
complicated problem as regards facility, quickness and certainty. 

It is obvious that all do not have the ability to become rapid com- 
puters, but even these can become fairly skillful by constant practice 
and perseverance. The ordinary processes of arithmetic should be per- 
formed with numbers in all possible positions. No more figures should 
be put down than necessary, and all operations should be performed 
mentally whenever possible. In the mental part the results should alone 
be stated, much time being lost by repeating each separate figure. 

Checks. — In order to check his work the computer should keep the 
following well-known properties of numbers well fixed in his mind: 

a. The sum or difference of two even or of two odd numbers is even. 

h. The sum or difference of an even and odd number is odd. 

c. The product of two even numbers is even. 

d. The product of two odd numbers is odd. 

e. The product of an even number and an odd number is even. 

/. Checking results by the familiar operation of casting out the 9’s 
depends upon the following properties of numbers: 

1. A number divided by 9 leaves the same remainder as the sum of 
the digits divided by 9. For example: 

4384 ^ 9 = 487 -h 1 
(4-|-3-f8 + 4)-^9 = 2-f-l 

2. The excess of 9’s in the product equals the excess of 9’s in the 
product of the excesses of the factors. 

3 
_5 

15 Excess = 6 J 

3. The excess of 9’s in the dividend equals the excess of 9’s in the 
product of the excesses in the divisor and quotient, plus the excess in 
the remainder: 

56)2443 Excess in divisor ~ 2 

43 4“ 35 Excess in quotient = 7 

Excess in remainder == 8 
Excess ia (2 X 7 + 8) = 4 \ 

Excess in dividend = 4 1 


473,295 Excess =- 
4,235 Excess = 
2,004,404,325 

Excess = 



204 


SURVEYING MANUAL 


g. Results should be checked by taking aliquot parts wherever 
possible, and by performing the operations in inverse order or performing 
inverse operations. Computations performed by means of logarithms 
should be checked by making the computations roughly by means of 
arithmetic. The 'probability of error should be recognized and precaution 
taken to verify results. 

Addition. — Since the eye is accustomed to pass from left to right 
time can be saved, where the columns are not too long, by adding in 
the same way. The deduce of increasing or diminishing the numbers to 
make them multiples of ten and then subtracting or adding to the result is 
very convenient, especially where several columns are added at one time. 

Example 1: 96 

47 143 

212 69 

32 

87 331 
49 
380 

The mental work in detail is as follows: 

100 4- 47 = 147; 147 - 4 = 143; 143 + 70 = 213; 213 - 1 = 212; 212 + 
SO 4- 90 = 332; 332 - 1 = 331; 331 4- 50 = 381; 381 ~ 1 = 380. 

Expert accountants use the method of adding columns in groups of 
10, 20, 30, etc., small figures, indicating the number of the group, being 
placed along the column at intervals depending upon the computer. 
This method is well adapted to the addition of long columns where one is 
liable to be called away from his work; the progress of the work 
being then shown by the number of the group, plus the excess. 

Multiplication. — ^In order to make the best use of the methods given, 
the computer should have perfect command of the multiplication table 
as far as 20 at least. 

a. When the tens differ by unity and the sum of the units equals 10, 
numbers may be multiplied by the following rule: From the squares of 
the tens of the larger number subtract the square of the units of the 
larger number. For the numbers may be represented by (a 4- 5) and 
(a — 6), and the product will be (a 4- 5) (ct — 6) = — b^. ■ 

Example 1: (93 X 87) = 90® — 3^ = 8,100 - 9 = 8,091 

h. The product of composite numbers is best obtained mentally by 
resolving them into their factors and taking the products of the factors. 

Example 2: 26 X 36 = 9 X 13 X 8 = 936 

Example 3: 48 X 24 = (24) ^ X 2 = 1,152 
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Mixltiples of 10. — To multiply by some number which, is a factor of 
10 or some multiple of 10, for example: Multiply 

A by Bj where B = 

Annex n ciphers to A, multiply by C and divide by d. 

Example 1: 

5 V 103 

4,324 X 625 = 4,324 ^ ^ _ (4,324,000 X 5) 8 = 2,702,500. 

Example 2: 7,924 X 25 = 792,400 -f- 4 = 198,100 


Squaring Small Numbers. — Numbers may be squared mentally by 
the following rule: Add to or subtract from one factor enough to make 
its units figure zero. Subtract from or add to the other factor the same 
amount. Multiply together this sum and difference, and to the product 
add the square of the amount by which the factors were increased or 
diminished. 


Proof: 

Example 1: 
Example 2: 
Example 3: 
Example 4: 
Example 5: 


= (a + b)(a - b) 

= (a + b)(a - b) + b^ 

(76)2 = (72 X 80) + 42 = 5,776 
(127)2 = (124 X 130) + 32 = 16,129 
(6M)2 = (6 X 6H) + (34)^ = 39K6 
( 6 > f )2 =( 6 X 7 ) + ( 1^)2 = 421 ^ 
(7.5)2 =(7X8) + (0.5)2 = 66.25 


It will be seen that the process is very simple where the units place is 5. 

6. Having the square of any number the square of the number next 
higher is obtained by the following rule: To the known square add the 
number and the next higher and the result will be the square of the 
next higher number.- 

Example 6: (25)2 = 625. (26)® = 625 + 25 + 26 = 676 


c. A very close approximation to the square of a quantity which is 
very near unity is obtained by adding algebraically two times the 
difference between the quantity and unity to the quantity. 

Proof: (1 ± 5)2 = 1 ± 25 + 52 = 1 + 25 (approximate). 

Example 7: (1.05)2 = 1 + 2(1.05 - 1) = 1 + .10 = 1.10 

Example 8: (0.94)2 = 1 - 2(1 - 0.94) = 1 - 0.12 = 0.88 

Example 9: (2.034)2 = 22(1 + 2 X 0.017) = 4(1.034) = 4.136 


Cross Multiplication. — This consists in taking the product of each 
digit in the multiplicand by each digit in the multiplier and taking the 
sums, products of the same denomination being determined thus: 
units X units gives units; tens X units and units X tens give tens: 



206 


SURVEYING MANUAL 


units X hundreds, tens X tens and hundreds X units give hundreds, etc. 
All products are added mentally, only the final result being put down. 

Example 1: (2,347)2 = 5,508,409 the final result being all that it is neces- 
sary to write down. The mental work is as follows, the figures in heavy 
type being figures in the product: 7 X 7 = 49; 4 + 2(7 X 4) = 60; 6 -j- 
2(7 X 3) + 42 = 64; 6 + 2(2 X 7) + 2(^3 X 4) = 58; 5 + 2(2 X 4) -f 32 = 
30; 3 -f 2(3 X 2) = 15; 1 + 22 = 5. 

Example 2: The product of any two numbers may be found in the same 
manner. 

9,432 

2,583 

24,362,856 

The mental work is as follows: 3X2 ==6;-3X3-h8X2 = 25; 2-f 
3X4 + 8X34-5X2 = 48; 4 + 3X9 + 8X4 + 5X3+2X2 = 

82;8 + 8X9 + 5X4 + 2X3 = 106; 10 + 5X9 + 2X4 = 63;6 + 
2 X 9 = 24. 

Example 3: The process of cross multiplication may be simplified as 
follo%vs: Required to multiply 4,328 by 736; write the multiplier on a slip of 
paper in inverse order and place it below the multiplicand with the left-hand 
figure below the units place of the multiplicand thus: 

4, 328 
I 637 I 

Multiply together the figures in the same vertical column 6X8= 48; set 
down the 8 and carry the 4; then move the slip one space to the left thus: 

4,328 
I 637 I 

Multiplying together the figures in the same vertical columns and taking the 
sum, 4 + 6X2 + 3X8 = 40; set down the 0 and carry the 4; then move 
the slip one space to the left, multiplying together the figures in the same 
vertical columns, adding, etc., we will finally have the work standing thus: 

4,328 
I 637 I 

3.185.408 

Remo'^dng the slip we have 

4,328 

^6 

3.185.408 

The multiplier may be written on the bottom of a sheet in inverse '^rder 
and placed above the multiplicand instead of as above described. Phe 
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work, however, is very much simplified by simply writing the multiplier in 
inverse order without using the slip: 

4,328 

637 

3,185,408 

The mental work is as follows: 6X8= 48; 4-h6X2+3X8 = 40; 
4 + 6X3+2X3+7X8=84; 8+6X4+3X3+7X2 = 55; 

6+3X4 + 7X3 = 38;3+7X4 = 31* It will be seen that this 
device removes most of the mental strain, there being no cross products. 

Contracted Multiplication. — In multiplying decinaals, when the prod- 
uct is required to a few places of decimals, the work may be shortened 
as follows: Required a product correct to the nth decimal place. Write 
the multiplier with its figures in reverse order, its units place under the 
rdh decimal place of the multiplicand. Multiply the multiplicand by the 
figures in the multiplier, beginning vith the right-hand figure; reject 
those figures in the multiplicand which are to the right of the figure used 
as a multiplier, increase each product by as many units as would have 
been carried from the rejected part of the multiplicand, take the nearest 
unit in each case; place the right-hand figure of each partial product in 
the same column, and add as in common multiplication. 

In most cases it is best to compute one more place than required. 
The following examples illustrate the process : 

Example 1: The radius of a circle is 420.17 feet. What is its semicircum- 
ference to nearest 0.01 feet? (tt = 3.14159265.) 

In the work below the partial products in the contracted multiplica- 
tion are seen to correspond to the partials of the common method, 
taken in reverse order, the part to the right of the vertical line being 
rejected. The contracted multiplication is carried one more place than 
required. A dot is placed above each figure when it is rejected from the 
multiplicand. 


4 2 0.1 7 0 
5 6 2 9 5 1 4 1.3 


4 2 0.1 7 
3.14 1593 


1260610 

1 

26051 

420 17 

37 

8 163 

168 07 

2 10 

085 

420 

42 0 

1 7 

2 10 

16806 

8 

38 

42017 


1 

126061 


1 3 2 0.0 0 3 

1 3 2 0.0 0 3 | 

1 3 0 8 1 
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Example 2: The observed length of a line is 2231.63 feet with a tape having 
a length of 100.018 feet. Required the reduced length of the line to the 
nearest 0.01 foot. 

Noting that each foot of the tape == 1.00018 ft. 


2 2 3 1.6 3 

2 2 3 1.6 3 

8 10 0 0.1 

1.0 0 0 1 8 

2 2 3 1 6 3 

1 7 

8 6 3 04 

22 

22 

3 16 3 

1 8 

223163 

000 

2 2 3 2.0 3 

2 2 3 2.0 3 

1 6 9 34 

Example 3 : Same observed length 

with a tape 99.982 feet long. Required 

the reduced length. 

TLach foot of the tape = 0.99982 

= (1 - 0.00018) foot. 

2 2 3 1.6 3 

2 2 3 1.6 3 

8 10 0 0.0- 

0.9 9 9 8 2 

2 2 

4 

4 632 6 

1 8 

178 

63 04 

-0.4 0 

2008 

467 

2 2 3 1.2 3 

20084 

6 7 

200846 

7 


22 3 1.2 2|8 306 6 

Example 4: To compare contracted multiplication with logarithmic work, 


calculate 861.3 feet X sin 17 degrees 19 minutes to the nearest 0.1 foot. 


8 6 1.3 

log. 8 6 1.3 2.9 3 6 1 6 

6 6 7 9 2.0 

log. sin 17” 19' = 9.4 7 3 7 1 

17 2 3 

log. (2 6 6.4) = 2.4 0 8 8 6 

7 7 6 


60 


6 


2 6 6.4 



Contracted Division. — ^If the quotient is desired correct to the nth 
decimal place, the follomng method may be use: Find one-half of the 
desired figures in the quotient in the usual way and do not bring down a 
figure for the last remainder. Drop a figure from the right of the 
divisor and find another figure in the quotient. Then without bringing 
down any more figures continue to discard figures from the divisor 
until the required olaces are obtained. 
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Example 1 : Divide 443.9425 by 24.311 to nearest hundredth.. There will 
be four figures in the quotient, so we will find the first two in the ordinary 
way. A dot is placed over each figure in the divisor when it is rejected. 

2 4.3 2 ) 4 4 3.9 4 2 5 ( 1 8.2 6 
2432 
2 0074 
1 9456 
6 18 
48 6 
132 
12 2 
1 0 

Divisor Near Unity. — ^When the divisor is near unity a very close 
approximation is given by the method shown in the following problems : 

Example 1: ^ QQ 3254 == 5(1 - 0.003254) = 5 X 0.996746 = 4.98373 cor- 
rect to within one unit in the fifth place. 

Example 2: = 7(1 + (1 - 0.9982))^= 7 X 1.0018 = 7.0126 cor- 

rect to the last place. 

Contracted Square Root. — result correct to a required number of 
decimal places may be found by a process similar to the method 
employed for contracted division. 

Example 1: Required the square root of 12,598.87325 correct to thou- 
sandths. We see by inspection that the root will contain six figures. Find 
in the ordinary way the first three figures. Form a new trial divisor in the 
usual way, 

1 2 6 9 8.8 7 3 2 5 ( 1 1 2.2 4 5 
1 

2 1)26 
2 1 

222)498 

444 

224)648 
448 
100 
£9 
1 1 

ii 

0 
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and bring down only one figure for the dividend in place of two. Find the 
remaining figures by contracted division. 

The last figure brought down is not increased whatever it may be 
followed by, since the contracted process tends^ to make the result a 
little too large. This method may be applied to the extraction of cube 
roots, where it saves much work in finding long trial divisors. 

Square Root of Small Numbers. — ^The approximate square roots of 
small numbers may be found by means of the following rule: Divide 
the given number by the number whose square is nearest the given 
number. The arithmetical mean of the quotient and divisor will be 
the approximate square root of the number. The nearer the number 
is to a perfect square the less the error. For example, 

Example 1: + 6) -5- 2 = 5.92. 

Example 2: V 8 — + 3) 2 = 2.83. 

Example 3: VT9 = 9) 4* 2 = 8.89. 

Example 4: Vl28 == + 11) 2 « 11.31. 

Square Root by Subtraction. — ^While it possesses no points of merit in 
this connection, it would not be proper to pass the subject of square 
root without presenting the novel method of extracting square roots 
used with a calculating machine. The method depends upon the rela- 
tion existing between odd numbers and squares in the system of 
numbers having a radix ten. If we sum up the odd numbers, 
beginning at 1, we will observe the following relation: 

1 = P; l + 3- 4 = 22;l + 3+ 5 = 9 = 32;l + 3 + 5-f7 = 16 
= 4% etc. It will be seen that the square root of the sum in each case 
is the number of the group. 

The method of extracting square roots is as follows: Point off in 
periods of two figures each. Subtract from the left hand period the 
odd numbers in order, beginning at unity, ilntil a remainder is obtained 
less than the next odd number. Write for the first figure in the root the 
number which represents the number of subtractions made. Double 
the root already found and annex unity. Subtract as before, using for 
subtrahends the successive odd numbers, the root figure being the 
number of subtractions made. 
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Exam'ple 1: Extract the square root of 53,824. 

63824(232 

-i 

4 

3 . . .... 2 subtractions, 
41)138 
41 
97 

43 

64 

4 6.. . . 3 subtractions. 
461)924 
461 
463 

4 6 3. .2 subtractions. 


Reckoning Tables. — Tables for use in computing are so numerous and 
well known that it would be useless to try to refer to them by name. 
Two valuable tables for obtaining products of numbers — which are well 
known in Germany, but comparatively unknown in this country — are 
“Crelle's Rechentafeln/^ which gives the products of numbers of three 
significant figures by three significant figures to 999 by 999, and Zim- 
merman’s Rechentafeln, ” which gives the products of numbers of two 
places of significant figures by numbers of three significant figures to 
100 by 999. 

Computing Machines. — The office equipment of the surveyor should 
include slide rules, computing machines, planimeters, scales and drafting 
tools that may be necessary in properly carrying out the office work of 
the survey. 

While the 10-inch slide rule is of sufficient accuracy for rough surveys 
it should be used only for checking for transit traverses. The Fuller 
slide rule, sold by Eugene Dietzgen, has a graduated spiral 500 inches 
long and gives results directly to four significant figures, and by inter- 
polation to five significant figures, the same as the results given by a 
five- or six-place logarithm table. 

There are many excellent calculating machines on the market. The 
Monroe, the Marchant and several others are very useful in making the 
calculations for surveys. 
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The pantograph is almost an essential tool if survey maps are to be 
enlarged or reduced. The planimeter is convenient for use in finding 
the areas of irregular tracts. 

The jack-knife planimeter is a very simple and useful tool. This 
tool consists of a bar, usually 10 inches long, having a curved knife 
edge on a right-angle leg about 1 inch long on one end of the bar and 
a pointed 1-inch leg on the other end. In using the jack-knife pla- 
nimeter, the point is placed at the center of gravity, and the knife edge 
is placed on the Hne passing through the center of gravity of the figure. 
The point is then made to traverse the perimeter of the figure to be 
measured, passing out to the perimeter and returning to the center of 
gravity of the figure on the same line. The distance from the final 
position of the knife edge to the line through the center of gravity, 
multiplied by the length of the arm of the planimeter, will give the 
area of the figure. The arm of the planimeter is usually made 10 
inches long and the distance measured in inches. 

The correct area may be obtained by means of the hatchet planimeter, 
without using the center of gravity of the figure, as follows: (1) Draw a 
tangent to the figure. (2) Trace the figure with the point starting with 
the hatchet on the tangent and the point at the point of tangency. 
(3) Trace the figure as before except that the point is to move around 
in the opposite direction. (4) The arithmetical mean of the two areas 
will be the true area. That this method is correct can be easily proved 
bjr the student. 

The other machines are described in the instructions accompanying 
them when purchased. 
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TOPOGRAPHIC PLOTTING AND MAPPING 

Plotting. — The survey is transferred to the map by plotting the 
points and ends of the survey lines. Points may be plotted (1) by 


Contours (blue if under water) . 


Contours (approximate only) . 


Porm-lines (no definite interval). 



Hachures . 



Fig. 44. — Contours and hachures. 


azimuth and distance from a known point, (2) by two angles or 
azimuths read from the ends of a known line, (3) by two distances to 
the point measured from the ends of a known line and (4) by directions 
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from the uiiknown point to three points already plotted, as in locating 
points for soundings with the sextant. 

A traverse survey may be plotted (1) with polar protractor, (2) by 
chords where a protractor is not available, (3) by tangents, (4) by coordi- 



Fig. 45. — Topographic Map. (I/. S. Geological Survey,) 


nates or (5) by latitudes and departures. Small traverse surveys are 
commonly plotted with the protractor, while extensive or important trav- 
erse surveys are best plotted by latitudes and departures. The latter 
method has the advantage that the survey can be adjusted before the 
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plotting is begun. The plotting sheet for a railway survey by means of 
latitudes and departures is given in Chapter VIII. 

Contours may (1) be interpolated from the elevations of points 
located on the map (see Fig. 19e, Chapter IV), (2) be drawn on the map 
to connect points whose elevations have been determined by trial on the 
ground and whose positions have been determined by the transit and 
stadia, or the plane table and stadia or (3) be drawn on the map from 
contours sketched in the field as in the railroad survey in Chapter VIII. 



Fig, 46.---Survey of a bridge site. 


The map may be made in the field by the use of the plane table, the 
distances being measured by the stadia or with the tape. 

Standard contours and hachures of the U. S. Geological Survey are 
given in Fig. 44. A section of a standard topographic map of the U. S. 
Geological Survey is given in Fig. 45. 

Construction Surveys. — Every construction project requires a more 
or less complete survey and map. Some construction projects require 
very simple surveys and maps, while others, as for example large dams, 
bridges, highways and railways, require very complete surveys and 
detail maps and profiles. The construction map of the Saluda dam is 
shown in Fig, 26, Chapter VI. This map is taken by permission from 
the Engineering News-Record, April 25, 1929. A profile and map of a 
highway bridge site are shown in Fig. 46. This figure is taken from 
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‘‘Design of Highway Bridges of Steel, Timber and Concrete, by Milo 
S. Ketchum. 

The survey for a highway bridge should include the following: 

1. Location of bridge together with distance from shipping points. 

2. Complete data with careful sketch plans of the present structure 
and the substructure. 

3. Data on high and low water together with a report on the efficiency 
of the present waterway. 

4. Surx^ey of proposed bridge site, which should include (a) bench 
mark; (5) survey which should be tied to section corners or definite 
and known land lines; (c) the alinement of the road, given on each side 
of the bridge; and the skew of the center line of the bridge, given with 
the channel; (d) a plan showing the course of the stream, the bank 
lines, old channels, dikes or spoil banks, direction of flow during flood 
flow, bank erosion, etc. 

Detailed instructions for making the bridge survey and the construc- 
tion map and profile are given on page 423 of the second edition of 
'^The Design of Highway Bridges of Steel, Timber and Concrete.'’ 

Lettering. — The specifications for the free-hand lettering are given in 
Chapter I. Standard free-hand alphabets are given in Fig. 47. 

Free-hand Titles. — Good free-hand titles suffice for most drawings. 
In a good title consistent emphasis is given to the several parts, and 



Fig. 48. — Roman alphabet. 


the title as a whole accords with the purpose and character of the draw- 
ing. Elaborate and ornamental titles have a limited application, and 
should not be attempted at all unless the draftsman has special skill in 
such work. In designing titles, whether free-hand or mechanical, 
skill in sketching in the outlines, guide lines, axes of symmetry, etc., is of 
much importance. Vertical and inclined roman letters for titles are 
shown in Fig. 48. 

Several free-hand titles are given in Figs. 49 and 50. 
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Drawing Pens— The following pens, arranged in order of fineness, will 
give sufficient variety for ordinary work. 

Gillott’s 170, very fine, for very small lettering. 

Gillott’s 303, extra fine, for small lettering. 

Gillott's 404, fine, for small lettering. 

Hunt 21, medium, for ordinary lettering. 

Hunt 512, Shot Point, for ordinary lettering. 

Leonardt 510, E. F. Ball Point, for large lettering and titles. 

Hunt 513, Round Point, for large lettering and titles. 

Leonardt 516, E. F. Ball Point, for large lettering and titles. 

Leonardt 516 F. Ball Point, for very large lettering and titles. 

Payzant Pens, K. & E. Co. Nos. 6, 5, 4, 3, 2, 1, for titles. 

The following rules should be observed in making letters on drawings 
free-hand. 

Use the qmll in inking the pen. 

Never dip the pen in the ink bottle. 

Keep the pen clean. 

Ink must not be allowed to dry on the pen and spread the points. 

Before using a new pen moisten the points and wipe it dry to insure 
a free flow of ink. 

Topographic Symbols.— The standard symbols for topographic draw- 
ings adopted by the American Railway Engineering Association are 
given in Figs. 51 to 54, inclusive. 
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Right-Of-Way Map 

Mew York afid Denver R.R. 

Shahion 551+55 to Station 54?+75 
Scale 1 in=4.00 Ft. January 3, 1931 

OFfice oF ChieF Engineer 
Denver, Colorado. 

Right-of-My Map 

NewYori and Denver R.R. 

Station 351+55 to Station 511+10 
Scale! in =400 ft. January 30, 1931 

Office of Chief Engineer 
Denuer, Colorado. 

IfoPOGRAPHfc Map 

OFTME 

City of Boulder,Colorado 

Surveyed by bhe 

Class in Topographic Surveying 
University of Colorado 

First Semester 1930-31 
Scale lFn.= 500 Ft. 

Fig. 49. — Free-hand titles. 
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R/g^t-of- Ia/ayR/ap 

/iEWYO/^/CA/iD'D^nYt/i' 

Stdt/b/? bo 5l:at/on3JFY73 
5c3/eI/h=Yb00ft. January 3j/^3/ 

OFf/ce oF Ch/eF Fnq/neer 
Denrerj Co/orac/o. 


EmMT-OF443iY Map 

New York & Denver EM. 

Sbai:wn33FE3 toSbabionSJIJO 
Scale J inMOOFl. January I J33I 

OFFice oFChieFEnymeer 
Denver^ Colorado. 


topo^ra^ir Mujx 


CITY OF BOULDER, COLORADO 


^ixrva^^etf 63 Fftc 

(bXoAd An Zctpa^/tap'fUc 

feiwTsifj af ^cforaira 

yiref ^emesPer 1930-31 
lAn.i=SOOp:. 


Pig. 50. — Free-hand titles. 
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H YD R O e K 1-W . 


Stream 

Springs and Sinks 
.Lakes and Ponds 

Falls and Papids 



^ 




Water Line 


Marsh 



Canals 

Ditches 


Name , 

Lock 

Size 


RhUIE.F'. 


Contour System 


Sand 


Ci /-Ffs 


Cu t 

Pm bah km e.n F 






: rT.nfnmntTinm JiiTi m 

TiirrT”i’nT7iiiirTr|TTiiT .. it.t 


-Top' ~oF Slope 
Bottom oP Slope 


Fi^. 51. — Topographic symbols. 
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^ Kaiuways ( TopoeHAFHiCAu Maps.) 


Stecrnr 
E/ectn'c 

iS 'tre e f’ RafJ ways 

RA11.WAY Xracks (Track Maps.) 

Railway Track or O/d Track to Rem am z=z=====. 
Oid Track to be Taken up zrzjzrzcarzscri 

Proposed Tracks 
Proposed (Future) Tracks 
Foreign Tracks 


Red 


Red 

Co /or other than Red or 


j , f ^^Carwe to Fight ) 
Ahnemenf { g, „ „ ) 


Black w/tf7 /nft/a/s of Road. 
R ^C R. 2 ^C. L 


Boundary and Burvey Lines. 


Political Divisions y State^ County 
or Township Lines. 

Government Surveys, Base, Meridian, 
Township, Section or Harbor Line 


Bethel T wp. - Way ne Co.,Mich. 
Posey Twp.-AdamsCa, IncU 

Sec .lS.T 12N., R. 1 E.,3^- ENT. 
Sec.l-J.T MN., R 


Street, Block or other Property Line 
Survey Lines 
Center Lines 
Company Property Line 
Pence ( on Street Line ) 

Fence ( on Company Property Line) 


Red 


Origin al ( '^etloli)Center Line 19 
If Monumented, Show location 
and Proper Symbol. 


State K/nd and Height 


State Kind and Height 


3*C For Railway Track and Yard Studies Use 

S/rrg/e or Double Lines, 

Fto- -Topogr€tph.i <3 symlx>le* 
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Cfry 

Village 


City Limits 
Fire Limits 




Juj C-t. 

“Tinr 





Sec i-i on 
Section 


Corn'eP 

17 

16 

20 

Zl 

Center 



nyianguIationxStafhn or Transit Point 
Bench Mark 
Stone Monument 
iron M on um en t 


B.MXi 232 

•D 


MiSCEL1-A.MH.OUS . 


Pole Wire Lines 

indicate of Wires & Ownership 

p ^ 

Railway Tunnei 

=4 



— 6= 




Dimension Lines 


Red Ink 


< — 


— > 

True and 

N — O 


/ 

Vcfrioetiort 

Ang/e 

Magnetic Meridian 


y 




O* 

lOO’ 

1 .... I - 

'EOO* 

, . _J 

f Graphic 


50' lOO' 

'z^<L 

^Scales. 

o' 

50* 100* 
:h - ■--;■■■ 

ISO* '2.0Q* 
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Culverts, Sewers, etc. 

Masonry Arch or Flat Top Cu/verf' '^ZZZZIIIZZZZZZTSFT^ 
F/p e or Wood Box Cu/vert or Dra/r? 

Hind of Scuffs f if any.) ^ 

Ccftch Bas/r7 □ 

C.B. 

Manhole O 

M. H, 

Sump (^^^Sump 

Water Supply and Fire Lines. 

Water Tank 

Water Column 

Trofck Forn — * ■ 

Company Water Ripe ITCeslT^ 

Other Wafer F/pe 

Otearr? or Gas 

Compressed A/r « ...FYf...-V55... 

Highways and Crossings. 

Public ond Main Roads : ^ ‘ 

* 

Fr/xate and Secon dary Roads z:~~nzzd — 'z:'SZ-~zS 

Trails ''' 

dtreet and FubUc Road Crossings \ "• 

aSV 

Private RoadJZZrossing ,, // .: • 

Bridges, 


Girder 

Tru^s 

Trest/^ 





— Topoerg-p hic symbols. 



PART III 

FIELD AND OFFICE TABLES FOR USE IN 
SURVEYING 


Explanation of Tables. 

Table 1. Logarithms of Numbers- 

Table 2. Logarithmic Functions of Angles. 

Table 3. Natural Functions of Angles. 

Table 4. Squares, Cubes, Square Roots, Cube Roots, Circumferences 
and Circular Areas. 

Table 5. Trigonometric Functions. 

The authors wish to thank the J. B. Lippincott Company for the use of 
Tables I and II taken from Suplee’s “Five Place Logarithms,'’ and table III 
taken from .Suplee’s “Mechanical Engineers’ Reference Book”; and the 
McGraw-Hill Book Company for the use of Tables IV and V, taken from 
Harger and Bonney’s “Highway Engineers’ Handbook.” 

All of the above tables are fully protected by copyrightc 




EXPLANATION OF TABLES 


Table 1. Logarithms of Numbers.— The logarithm of any number 
to any base is the index of the power to which the base must be raised 
to equal the number. The logarithms given in Table I are Briggs or 
Common Logarithms in which the base is 10. Then 190 = lO^, and 
the logarithm of 100 = 2. Also 200 = lo^-soios^ logarithm of 

200 = 2.30103. The integer of a logarithm is called the characteristic, 
and is one less than the number of integers in the number. The deci- 
mal part of the logarithm is called the mantissa and is given in Table 1. 

The mantissae of the logarithms in Table 1 are given to five places, 
while the numbers are given to four significant figures. Where there 
are more than four significant figures in the number, the table of propor- 
tional parts may be used. The star opposite certain logarithms shows 
that the two figures at the left are to be taken from the line below. 

The logarithm of 1 is 0, and the logarithm of any number less than 
unity will be negative. It is much more convenient to use positive man- 
tissae, and logarithms of numl ers less than unity are written as colog- 
arithms or modified logarithms in which the negative logarithm is 
subtracted from a positive integer as 10, 20, etc., 100, 200, etc.; and the 
cologarithm or modified logarithm is written as a positive logarithm with 
the integer shown as subtracted from the logarithm. For example the 
logarithm of 0.2 = logarithm of = log 1 —log 5 = 0.00000 — 0.69893 
= —0.69893. The cologarithm or modified logarithm will be equal 
to the logarithm subtracted from 10 and is written 9.30103 — 10. The 
logarithm of .00625 = log Jsoo = log 5 — log 800 = 0.69897 — 2.90309 
= —2.20412, or as a cologarithm or modified logarithm = 7.79588 
— 10. The mantissae of the cologarithms of numbers less than unity 
are given in Table 1. 

The following rules should be kept in mind in using the table of 
logarithms. 

a. The logarithm of a product is the sum of the logarithms of the 
factors. 

h. The logarithm of a quotient is the difference of the logarithms of 
the di\ddend and divisor. 

c. The logarithm of a power of a number is equal to the logarithm 
of the number multiplied by the index of the power. 
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d. The logarithm of a root of a number is equal to the logarithm of 
the number di\hded by th6 index of the root. 

e. The logarithm of a fraction is equal to the logarithm of the numera- 
tor minus the logarithm of the denominator, 

/. In dividing modified logarithms add a number to the positive and 
negative characteristics so that the resulting logarithm will have — 10 
following the logarithm. For example if 8.36748 — 10 is to be divided 
by 3, the logarithm should be written 28.36748 — 30; and dividing by 3 
we have 9.45583 10. 

Reverse the operation when multiplying modified logarithms. 

g. The characteristic of the logarithm of an integer is always one 
less than the number of digits in the integral part of the number. 

h. The characteristic of the cologarithm of a number less than unity 
(a decimal) is equal to 10 minus the number of the place to the right of 
the decimal point occupied by the first significant figure. 

Table 2. Logarithmic Ftmctions of Angles. — To avoid the use of 
negative characteristics the logarithms of the functions of angles are 
written as cologarithms, 10 being added to the characteristic of each 
logarithm. In adding the logarithms of the functions of angles the 
correct number of lO^s should be subtracted from the result. 

For angles from zero to 45 degrees and from 135 to ISO degrees the 
headings at the tops of the columns are to be used; while from 45 to 
90 degrees and from 90 to 135 degrees the headings at the bottoms of 
the columns are to be used, the minutes being read from the top down 
on the left of the page, and from the bottom up on the right of the page. 

In using the logarithmic functions of angles in connection with 
logarithms of numbers it should be remembered that the logarithmic 
functions of angles are cologarithms and that 10 should be subtracted 
from each logarithmic function. 

Table 3. Natural Ftmctions of Angles. — For angles from 0 to 45® 
and from 135® to 180° the headings at the tops of the columns are to 
be used; while from 45® to 90® and from 90° to 135® the headings at 
the bottoms of the columns are to be used, the minutes being read from 
the top down on the left of the page and from the bottom up on the 
right of the page. 
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Num. 100 to 139. Log. 000 to 14S. 


N 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


P. P 

- 

100 

00 

000 

043 

087 

130 

173 

217 

260 

303 

346 

389 


44 

43 

101 


432 

475 

518 

561 

604 

647 

689 

732 

775 

817 


4.4 

8.8 

4.3 

8.6 

102 


860 

903 

945 

9 SS *030 

*072 

*115 *157 

*199 *242 

o 

103 

01 

2 S 4 

326 

368 

410 

452 

494 

536 

578 

620 

662 

3 

13.2 

12.9 

104 


703 

745 

787 

828 

370 

912 

953 

995 *036 *078 

4 

17.6 

17.2 











5 

22.0 

21.5 

105 

02 

119 

160 

202 

243 

284 

325 

366 

407 

449 

490 

i 6 

26.4 

30.8 

35.2 

25.8 

30.1 

34.4 

106 


531 

572 

612 

653 

694 

j 735 

776 

816 

857 

898 

1 7 

1 8 

107 


938 

979 

*019 

*000 *100 

*111 

*181 *222 

*262 

*302 

' 9 

39.6 

38.7 

108 

03 

342 

383 

423 

463 

503 

543 

5 S 3 

623 

663 

703 


42 

4i 

109 


743 

782 

822 

862 

902 

941 

981 *021 

*060 

*100 


110 

04 

139 

179 

218 

258 

297 

336 

376 

415 

454 

493 

1 1 
2 

4.2 

8.4 

4.1 

8.2 

111 


532 

571 

610 

650 

689 

727 

766 

805 

844 

883 

3 

12.6 

12.3 

112 


922 

901 

999 

*038 *077 i 

*115 

*154 

*192 *231 

*269 

4 , 

16-8 , 
21.0 
25.2 ! 

16.4 

20.5 

24.6 

113 

05 

308 

346 

385 

423 

461 : 

500 

538 

576 

614 

652 

5 

6 

114 


690 

729 

767 

805 

843 

881 

918 

956 

994 *032 

7 

29.4 ' 

28.7 













8 

33.6 

32.8 

115 

06 

070 

108 

145 

183 

221 

258 

296 

333 

371 

408 

9 

37.8 

36.9 

116 


4-16 

483 

521 

558 

595 

633 

670 

707 

744 

781 


40 

39 

117 


819 

856 

893 

930 

967 

*004 

*041 *078 *115 *151 


118 

07 

188 

225 

262 

298 

335 

372 

408 

445 

482 

518 1 

1 

4.0 

3.9 

119 


555 

591 

628 

664 

700 

737 

773 

809 

846 

882 

3 

s.o ! 
12.0 

7.8 

11.7 

120 


918 

954 

990 

*027 

*063 

*099 

*135 *171 

*207 

*243 

4 

16.0 
20.0 
24.0 i 

15.6 

19.5 

23.4 

121 

08 

279 

314 

350 

386 

422 

458 

493 

529 

565 

600 

0 

6 

122 


636 

672 

707 

743 

778 

834 

849 

884 

920 

955 

7 

28.0 , 

27.3 

123 


991 *026 

*061 

*096 

*132 

*167 

*202 

*237 

*272 

*307 

8 

9 

32.0 j 

36.0 ; 

31.2 

35.1 

124 

09 

342 

377 

412 

447 

482 

517 

552 

587 

621 

656 

125 


691 

726 

760 

795 

830 

864 

899 

934 

968 *003 


38 ' 

37 

126 

10 

037 

072 

106 

140 

175 

209 

243 

278 

312 

346 

1 

3.8 

3.7 

127 


380 

415 

449 

483 

517 

551 

585 

619 

653 

6 S 7 

2 

8 

4 

7.6 

11.4 

15.2 

7.4 

11.1 

14.8 

12 S 


721 

755 

789 

823 

857 

890 

924 

958 

992 *025 

129 

11 

059 

093 

126 

160 

193 

227 

261 

294 

327 

361 

5 

19.0 

18.5 













6 

22.8 

22.2 

130 


394 

428 

461 

494 

528 

501 

594 

6*28 

661 

694 

7 

26.6 

25.9 

131 

132 

12 

727 

057 

760 

090 

793 

123 

826 

166 

860 

1 S 9 

893 

222 

926 

254 

959 

287 

992 *024 
320 352 

8 

9 ; 

30-4 

34.2 

29.6 

33.3 

133 


385 

418 

450 

483 

516 

548 

681 

613 

646 

678 


36 

35 

134 


710 

743 

775 

808 

840 

872 

905 

937 

969 

*001 

1 

I 3 '. 6 

3.5 

135 

13 

033 

066 

098 

130 

162 

194 

226 

258 

290 

322 

2 

q 

7.2 

10.8 

il4-.4' 

7.0 

10.5 

14.0 

136 ■ 


354 

386 

418 

450 

481 

. 513 

545 

577 

609 

• 640 

o 

4 

137 ” 


672 

704 

.735 

- 767 

799 . 

. .830 

862 

893 

925 

•956 

5 

i 8 ; o ; 

17.5 

138 

139 

14 

988 *019 
. 301 333 . 

*051 

364 

*082 

395 

*114 . 

. 426 

*145 

457 

*176 * 208 . *239 » 270 - 
. 489 ^ 520 551 582 

6 

7 

8 

21.6 - 
25 . 2 . 
28 . 8 - 

21.0 

24.5 

28.0 

140 


613 

644 

675 

706 

737 

768 

799 

.829 

860 

891 

9 

32.4 

31.5 

N 

L 

0 

i 

2 

3 

4 

5 . 

. 6 

. 7 

8 

9 

1 P. P. 



230 LOGARITHMS OF NUMBERS Table 1 


Num. 140 to 179. Log. 146 to 25S. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P. P. 

140 

14 

613 

644 

675 

706 

737 

7G8 

799 

829 

860 

891 


34 

33 

141 


922 

953 

983 *014 *045 

*076 

*106 *137 *168 *198 


3.4 

6.8 

3.3 

6.6 

142 

15 

229 

259 

290 

320 

351 

381 

412 

442 

473 

503 

2 

143 


534 

564 

594 

625 

655 

685 

715 

746 

776 

806 

3 

10,2 

9.9 

144 


836 

866 

897 

927 

957 

987 *017 *047 

*077 *107 

4 

5 

13.6 

17.0 

13.2 

16.5 

145 

16 

137 

167 

197 

227 

256 

286 

316 

346 

376 

406 

6 

20.4 

23.8 

27.2 

19.8 

23.1 

26.4 

146 


435 

465 

495 

524 

554 

584 

613 

643 

673 

702 

8 

147 


732 

761 

791 

820 

850 

879 

909 

938 

967 

997 

9 

SO. 6 

29.7 

118 

17 

026 

056 

085 

114 

143 

173 

202 

231 

260 

289 


32 

31 

149 


319 

348 

377 

406 

435 

464 

493 

622 

551 

580 


150 


609 

638 

667 

696 

725 

754 

782 

811 

840 

869 

1 

2 

3.2 

6.4 

3.1 

6.2 

151 


898 

926 

955 

984 *013 

*041 *070 *099 

*127 

*156 

3 

9.6 

9.3 

152 

IS 

184 

213 

241 

270 

.298 

327 

855 

384 

412 

441 

4 

12.8 

16.0 

19.2 

12.4 

15.5 

18.6 

153 


469 

498 

526 

554 

583 

611 

639 

667 

696 

724 

6 

154 


752 

780 

SOS 

837 

865 

893 

921 

949 

977 

*005 

7 

22.4 

21.7 













8 

25.6 

24.8 

155 

19 

033 

061 

089 

117 

145 

173 

201 

229 

257 

285 

9 

28.8 

27.9 

156 


812 

340 

368 

396 

424 

451 

479 

507 

535 

662 


30 

29 

157 


590 

618 

645 

€73 

700 

728 

756 

783 

811 

838 


158 


866 

893 

921 

948 

976 

*003 *030 *058 *085 *112 

1 

3.0 

2.9 

159 

20 

140 

167 

194 

222 

249 

276 

SOS 

330 

358 

385 

2 

6.0 

6.8 













3 

9,0 

8.7 

150 


412 

439 

466 

493 

520 

548 

575 

602 

629 

656 

4 

5 

6 

12.0 

15.0 

18.0 

11.6 

14.6 

17.4 

161 


688 

710 

737 

763 

790 

817 

844 

871 

898 

925 

162 


952 

978 

*005 *082 *059 

*085 *112 *139 *165 *192 

7 

21.0 

20.3 

163 

21 

219 

245 

272 

299 

325 

352 

378 

405 

431 

458 

8 1 
9 1 

24.0 

27.0 

23.2 

26.1 

164 


484 

511 

537 

564 

590 

617 

643 

669 

696 

722 

165 


748 

775 

801 

827 

854 

880 

906 

932 

958 

985 


28 

27 

166 

22 

Oil 

037 

063 

089 

116 

141 

167 

194 

220 

246 

1 

2.8 

2.7 

167 


272 

298 

324 

350 

376 

401 

427 

453 

479 

605 

2 

3 

4 

5.6 

8.4 

11.2 

6.4 

8.1 

10.8 

16S 


631 

557 

583 

608 

634 

660 

686 

712 

737 

763 

169 


789 

814 

840 

866 

891 

917 

943 

968 

994 *019 

5 

14.0 

13.5 













6 

16.8 

16.2 

170 

23 

045 

070 

096 

121 

147 

172 

198 

223 

249 

274 

7 

19.6 

18.9 

171 


300 

325 

350 

376 

401 

426 

452 

477 

502 

528 

8 

22.4 

25.2 

21.6 

24.3 

172 


553 

578 

603 

629 

654 

679 

704 

729 

754 

779 

9 

173 


805 

830 

855 

880 

905 

930 

955 

980 *005 *030 


26 

25 

174 

24 

055 

OSO 

105 

130- 

155 

180 

204 

229 

254 

279 

1 

2.6 

2.5 

175 


304 

329 

353 

378 

403 

428 

452 

477 

502 

527 

2 

5.2 

7.8 

10-4 

5.0 

7.5 

10.0 

176 


551 

576 

601 

625 

650 

674 

699 

724 

748 

773 

8 

4 

177 


797 

822 

846 

871 

895 

920 

944 

969 

993 *018 

5 

13-0 

12.5 

178 

25 

042 

066 

091 

115 

139 

164 

188 

212 

237 

261 

6 

15.6 

18.2 

20.8 

15.0 
17.5 

20.0 

179 


2S5 

310 

334 

358 

382 

406 

431 

455 

479 

503 

7 

8 

180 


527 

551 

575 

600 

624 

648 

672 

696 

720 

744 

9 

23.4 ; 

22.5 

N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P. P. 



Table 1 


LOGARITHMS OF NUMBERS 


231 


Nam. ISO to 219. Log. 255 to 342. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. P. 

180 

25 

527 

551 

575 

600 

624 

648 

672 

696 

720 

744 

24 

ISl 


768 

792 

816 

840 

864 

888 

912 

935 

959 

983 


1S2 

26 

007 

031 

055 

079 

102 

126 

150 

174 

198 

221 

2 4.S 

183 


245 

269 

293 

316 

340 

364 

387 

411 

435 

458 

3 7. 

2 

184 


482 

505 

529 

553 

576 

600 

623 

647 

670 

694 

4 1 9.6 













5 12. 

0 

185 


717 

741 

764 

788 

811 

1 834 

858 

881 

905 

928 

1 6 14.4 

186 


951 

975 

9SS 

*021 

*045 

*068 *091 *114 

*138 *161 

8 19.2 

187 

27 

184 

207 

231 

254 

277 

300 

323 

346 

370 

393 

9 21.6 

188- 

1 

416 

439 

462 

485 

508 

531 

654 

677 

600 

623 


189 


646 

669 

692 

715 

738 

761 

784 

807 

830 

852 

23 

190 


875 

898 

921 

944 

967 

9S9 

*012 

*035 

*058 *081 

1 2.3 

2 4.6 

191 

28 

103 

126 

149 

171 

194 j 

217 

240 

262 

285 

307 

3 6.9 

192 


330 

353 

375 

398 

421 

443 

466 

488 

511 

533 

4 9.2 

193 


556 

578 

601 

623 

646 

668 

691 

713 

735 

758 

6 13.8 

194 


780 

803 

825 

847 

870 

892 

914 

937 

959 

981 

7 16.1 













8 18.4 

195 

29 

003 

026 

048 

070 

092 

115 

137 

159 

ISl 

203 

9 20.7 

196 


226 

248 

270 

292 

314 

336 

368 

380 

403 

425 


197 


447 

469 

491 

613 

535 

557 

579 

601 

623 

645 


198 


667 

688 

710 

732 

754 

776 

798 

820 

842 

863 

1 2.2 

199 


885 

907 

929 

951 

973 

994 

*016 

*038 

*060 

*081 

2 4.4 













3 6.6 

200 

30 

103 

125 

146 

168 

190 

211 

233 

255 

276 

298 

4 8.8 

201 


320 

841 

363 

3S4 

406 

42S 

449 

471 

492 

514 

6 13.2 

202 


535 

557 

578 

600 

621 

643 

664 

685 

707 

728 

7 15.4 

203 


750 

771 

792 

814 

835 

856 

878 

899 

920 

942 

8 17.6 

204 


963 

984 

*006 

*027 

*048 

*069 

*091 

*112 

*133 

*154 


205 

31 

175 

197 

218 

239 

260 

2S1 

302 

323 

345 

366 

1 

206 


387 

408 

429 

450 

471 

492 

513 

531 

555 

576 

1 2.1 

207 , 


597 

618 

639 

660 

681 

702 

723 

744 

765 

7S5 

2 4.2 

208 1 


806 

827 

848 

869 

890 

911 

931 

952 

973 

994 

4 8.4 

209 ! 

32 

015 

035 

056 

077 

098 

118 

139 

160 

181 

201 

5 10.5 













6 12.6 

210 


222 

243 

263 

284 

305 

325 

346 

366 

3S7 

408 

7 14.7 

211 


428 

449 

469 

490 

510 

531 

552 

572 

593 

613 

8 16.8 

O ICQ 

212 


634 

654 

675 

695 

715 

736 

766 

777 

797 

818 



213 


838 

858 

879 

899 

919 

940 

960 

980 *001 

*021 

20 

19 

214 

33 

041 

062 

082 

102 


143 

163 

183 

203 

224 

1 2.0 

1.9 

215 


244 

264 

284 

304 

325 

345 

365 

385 

405 

425 

2 4.0 

3 6 0 

3.8 
5 7 

216 


445 

465 

486 

506 

526 

546 

566 

586 

606 

626 

4 8.6 

7.6 

217 


646 

666 

686 

706 

726 

746 

766 

786 

806 

826 

5 10.0 

9.5 

218 


846 

866 

885 

905 

925 

945 

965 

985 

*005 

*025 

6 12.0 
7 T 1 n 

11.4 
13 ^ 

219 

34 

044 

064 

084 

104 

124 

143 

163 

383 

203 

223 

8 16.0 

115.2 













9 18.0 

[17.1 

220 


242 

262 

282 

301 

321 

341 

361 

380 

400 

420 



N 

L 

0 

1 

2 

3 

4 1 

5 

6 

7 

8 

9 

P. P 

• 



232 LOGARITHMS OF NUMBERS Table 1 


Num. 320 to 259. Log. 342 to 414. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. P. 

220 

34 

242 

262 

282 

301 

321 

341 

361 

380 

400 

420 



221 


439 

459 

479 

498 

518 

537 

557 

577 

596 

Cl 6 


20 

OOP 


635 

655 

674 

694 

713 

733 

763 

772 

792 

811 

1 

2.0 

223 


830 

850 

869 

889 

938 

92S 

947 

967 

986 

*005 

2 

4.0 

224 

3'> 

025 

044 

064 

083 

102 

122 

141 

160 

180 

199 

3 

4 

6.0 

8.0 

225 


218 

23S 

257 

276 

295 

315 

334 

353 

372 

392 

5 

6 

10.0 

12.0 

226 


411 

430 

449 

468 

488 

507 

526 

645 

564 

583 

7 

14.0 

227 


603 

622 

641 

660 

679 

698 

717 

736 

755 

774 

8 

16.0 

22S 


793 

S13 

832 

Sol 

870 

SS9 

90S 

927 

946 

953 


18.0 

229 


9S4 *003 *021 

*040 

*059 

*078 *097 *116 *135 *154 



230 

36 

173 

192 

211 

229 

248 

267 

286 

305 

324 

342 


19 

281 


361 

380 

399 

418 

436 

455 

474 

493 

511 

530 


282 


549 

568 

5S6 

605 

624 

642 

601 

680 

698 

717 

1 

1.9 

233 


736 

754 

773 

791 

810 

829 

847 

866 

884 

903 

2 

3.8 

234 


922 

940 

959 

977 

996 

*014 *038 *051 

*070 *088 

4 

5.7 

7.6 

235 

87 

107 

125 

144 

162 

181 

199 

218 

236 

254 

273 

5 

6 

9.5 

11.4 

236 


291 

310 

32S 

346 

365 

383 

401 

420 

438 

457 . 

7 

13.3 

237 


475 

493 

.511 

530 

548 

566 

585 

603 

621 

039 

8 

15.2 

238 


658 

676 

694 

712 

731 

749 

767 

785 

803 

822 



239 


840 

858 

876 

894 

912 

931 

949 

967 

985 *003 



240 

38 

021 

039 

057 

075 

093 

112 

130 

14S 

166 

184 



241 


202 

220 

2SS 

256 

274 

292 

310 

3JS 

346 

364 



242 


382 

399 

417 

435 

453 

471 

489 

507 

525 

543 



243 


561 

578 

596 

614 

682 

650 

668 

686 

703 

721 

1 

1.8 

244 


739 

757 

775 

792 

BIO 

828 

846 

863 

SSI 

899 

3 

3.6 

5.4 

245 


917 

934 

952 

970 

987 

*005 *023 

*041 

*058 ’ 

*076 

4 

5 

7.2 

9.0 

246 

39 

094 

111 

129 

146 

164 

182 

199 

217 

235 

252 

6 

10.8 

247 


270 

287 

305 

322 

340 

358 

375 

393 

410 

428 

7 

12.6 

248 


445 

463 

480 

498 

515 

533 

550 

568 

585 

602 

8 

9 

14.4 

16.2 

249 


620 

637 

655 

672 

690 

707 

724 

742 

759 

777 



250 


794 

Sll 

829 

846 

863 

881 

898 

915 

933 

950 



251 


967 

985 *002 *019 *037 

*054 *071 *088 *106 *123 



252 

40 

140 

157 

175 

192 

209 

226 

243 

261 

278 

295 



253 


312 

329 

346 

364 

381 

39S 

415 

432 

449 

4(50 


17 

254 


483 

500 

518 

535 

552 

569 

586 

603 

620 

637 

1 

1.7 

255 


654 

671 

688 

705 

722 

739 

756 

773 

790 

807 

2 

3 

3.4 

5.1 

256 


824 

841 

858 

875 

892 

909 

926 

943 

960 

976 

4 

6.8 

257 


993 *010 *027 *041 *061 

*078 *095 *111 *128 *145 

5 

8.5 

258 

41 

162 

179 

196 

212 

220 

246 

263 

280 

296 

313 

6 

7 

10.2 

11.9 

259 


330 

347 

363 

380 

397 

414 

430 

447 

464 

481 

8 

13-6 













9 

15.3 

260 


497 

514 

531 

547 

564 

581 

597 

614 

631 

647 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 



Table 1 


LOGARITHMS OF NUMBERS 


233 


Num. 260 to 269. Log. 414 to 476. 


N 

L 

0 

1 

2 

3 

4 i 


6 

7 

8 

9 1 

P 

. P. 

260 

41 

497 

514 

531 

547 

5()4 

581 

597 

614 

631 

647 



261 


664 

681 

697 

711 

731, 

717 , 

764 

780 

797 

814 ; 



262 


830 

847 

863 

880 

896 

S13 

9*29 

916 

963 

979 1 



263 


996 *012 

*029 *045 *062 

*078 *095 *111 

*127 

144 



264 

42 

160 

177 

193 

210 

226 

*243 

‘259 

275 

*292 

308 


17 

265 


325 

341 

357 

374 

390 

40(5 

423 

439 

455 

472 

If 

1 7 

266 


488 

504 

521 

537 

553 

570 

586 

602 

619 

635 

2 

3,4 

267 


651 

66)7 

684 

700 

716 

732 

749 

765 

781 

797 

3 

5.1 

268 


SIB 

830 

816 

862 

878 

894 

911 

927 

943 

959 

4 

5 

6.8 

8 5 

269 


975 

991 *008 

*0*24 

*040 

*056 *072 

*088 

*104 *1*20 

6 

10.2 














11.9 

270 

43 

136 

152 

169 

185 

201 

217 

233 

249 

265 

281 

8 

13.6 

271 


297 

313 

329 

345 

361 

377 

393 

409 

425 

441 

9 

15.3 

272 


457 

473 

489 

505 

521 

1 537 

553 

569 

584 

600 



273 


616 

632 

648 

664 

680 

696 

712 

727 

743 

759 



274 


775 

791 

807 

823 

838 

854 

870 

886 

902 

917 



275 


933 

949 

965 

981 

996 

1 *012 *028 *044 

*059 

*075 



276 1 

44 

091 

107 

122 

138 

154 

170 

185 

201 

217 

232 


1 A 

277 


248 

2(^ 

279 

295 

311 

326 

34*2 

358 

373 

389 



278 


404 

420 

436 

451 

467 

483 

498 

51 Jt 

529 

545 

hi 

1.6 

279 


560 

576 

592 

607 

623 

638 

654 

669 

685 

700 

3 ' 

3.2 

4.8 

280 


716 

731 

7-17 

76*2 

778 1 

793 

809 

824 

840 

855 

4 ; 
5 

6.4 

8.0 

281 


871 

8<86 

902 

917 

932 

948 

963 

979 

994 *010 

6 

9.6 

282 

45 

0*25 

040 

056 

071 

086 

102 

117 

133 

148 

163 

7 

11.2 

283 


179 

194 

209 

2*25 

240 

255 

*271 

286 

SOI 

317 

8 

9 

12.8 

14.4 

284 


332 

347 

362 

378 

393 

408 

423 

439 

454 

469 



285 


484 

500 

515 

530 

545 

561 

576 

591 

606 

621 



286 


637 

652 

667 

682 

697 

712 

728 

713 

75S 

773 



287 


788 

803 

81S 

834 

849 

SG4 

879 

894 

909 

924 



288 


939 

954 

969 

984 *000 

*015 *030 *045 *060 *075 



289 

46 

090 

105 

120 

135 

150 

165 

180 

195 

210 

225 


15 

290 


240 

255 

270 

285 

300 

315 

330 

345 

359 

374 

1 

1.5 

291 


389 

404 

419 

434 

449 

464 

479 

494 

509 

5*23 

8 

3.0 

4.5 

292 


538 

553 

568 

583 

598 

613 

6*27 

642 

657 

672 

4 

6.0 

293 


687 

702 

716 

731 

746 

761 

776 

790 

805 

8*20 

5 

7.5 

294 


835 

850 

864 

879 

894 

909 

9*23 

938 

953 

967 

6 

7 

9.0 

10.5 

295 


982 

997 *012 *026 *041 

*056 *070 

*085 

*100- *114 

8 

9 

12.0 

13.5 

296 

47 

129 

144 

159 

173 

188 

202 

217 

232 

246 

261 



297 


276 

290 

305 

319 

334 

349 

363 

378 

392 

407 



298 


422 

436 

451 

465 

480 

494 

509 

5*24 

538 

553 



299 


567 

582 

596 

611 

625 

640 

654 

669 

683 

698 



300 


712 

727 

741 

756 

770 

784 

799 

813 

S2S 

842 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

V 

^ P, 



234 LOGARITHMS OF NUMBERS Table 1 


Num. 300 to 339. Log. 477 to 531. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P 

P. 

300 

47 

712 

727 

741 

756 

770 

784 

799 

813 

828 

842 



301 


857 

871 

885 

900 

914 

929 

943 

958 

972 

986 



302 

48 

001 

015 

029 

044 

OSS 

073 

087 

101 

116 

130 



SQ3 


144 

159 

173 

187 

202 

216 

230 

244 

259 

273 



304 


287 

302 

316 

330 

344 

359 

373 

387 

401 

416 


14 

305 


430 

444 

458 

473 

487 

501 

515 

530 

544 

558 


1-4 

2.8 

306 


572 

586 

601 

615 

629 

643 

657 

671 

6S6 

700 

2 

307 


714 

728 

742 

756 

770 

785 

799 

813 

827 

841 

3 

4.2 

308 


855 

869 

883 

897 

911 

926 

940 

954 

968 

982 

4 

5.6 

7.0 

8.4 

309 


996 *010 

*024 *038 *052 

*066 

*080 

*094 *108 

*122 

6 

310 

49 

136 

150 

164 

178 

192 

206 

220 

234 

248 

262 

7 

8 

9.8 

11.2 

311 


276 

290 

304 

318 

332 

346 

360 

374 

388 

402 

9 

12.6 

312 


415 

429 

443 

457 

471 

485 

499 

513 

527 

541 



313 


654 

568 

682 

596 

610 

624 

638 

651 

665 

679 



314 


693 

707 

721 

734 

748 

762 

776 

790 

803 

817 



315 


831 

845 

859 

872 

886 

900 

914 

927 

941 

955 



316 


969 

982 

996 *010 *024 

*037 

*061 *065 *079 

*092 


13 

317 

50 

106 

120 

133 

147 

161 

174 

ISS 

202 

215 

229 


SIS 


243 

256 

270 

284 

297 

311 

325 

338 

352 

365 

1 

1.3 

319 


379 

393 

406 

420 

433 

447 

461 

474 

488 

501 

2 

2.6 










3 

3.9 

320 


515 

529 

642 

556 

569 

683 

596 

610 

623 

637 

4 

6.2 

6.5 

7.8 

321 i 


651 

664 

678 

691 

706 

718 

732 

745 

759 

772 

O 

6 

322 


786 

799 

813 

826 

840 

853 

866 

880 

893 

907 

7 

9.1 

323 


920 

934 

947 

961 

974 

987 *001 

*014 *028 *041 

8 

9 

10.4 

11.7 

324 

51 

065 

068 

081 

095 

108 

1 121 

135 

148 

162 

175 

325 


188 

202 

215 

228 

242 

i 255 

268 

282 

295 

308 



326 


322 

335 

348 

362 

375 

388 

402 

415 

428 

441 



327 


455 

468 

481 

495 

508 

621 

534 

548 

661 

574 



328 


587 

601 

614 

627 

640 

654 

667 

680 

693 

706 



329 


720 

733 

746 

759 

772 

786 

799 

812 

825 

838 


12 

330 


851 

865 

878 

891 

904 

917 

930 

943 

957 

970 

1 

1.2 

331 


983 

996 

*009 

*022 

*035 

*048 *061 *075 

*088 *101 

2 

2.4 

332 

! 62 

114 

127 

140 

163 

166 

179 

192 

205 

218 

231 

3 

4 

3-6 

4.8 

333 


244 

257 

270 

284 

297 

310 

323 

336 

349 

362 

5 

6.0 

334 


375 

388 

401 

414 

427 

440 

453 

466 

479 

492 

6 

7.2 












7 

8.4 

335 


504 

517 

530 

543 

556 

569 

582 

695 

608 

621 

8 

9.6 

10-8 

336 


634 

647 

660 

673 

686 

699 

711 

724 

737 

750 

9 

337 


763 

776 

789 

802 

815 

827 

840 

853 

866 

879 



338 


892 

905 

917 

930 

943 

956 

969 

982 

994 *007 



339 

63 

020 

033 

046 

058 

071 

084 

097 

no 

122 

136 



340 


148 

161 

173 

186 

199 

212 

224 

237 

250 

263 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P, 

. P. 



Table 1 


LOGARITHMS OF NUMBERS 


235 


Num. 340 to 37S>. Log. 531 to 579. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 


P 

- P. 

340 

53 

148 

161 

173 

186 

199 

212 

224 

237 

250 

263 



341 


275 

288 

301 

314 

326 

339 

352 

364 

377 

390 



342 


403 

415 

428 

441 

453 

466 

479 

491 

504 

617 



343 


529 

542 

655 

567 

580 

593 

605 

618 

631 

643 



344 


656 

668 

681 

694 

706 

719 

732 

744 

757 

769 


13 

845 


782 

794 

807 

820 

832 

845 

857 

870 

882 

895 



346 i 


908 

920 

933 

945 

958 

970 

983 

995 *008 *020 

2 

2.6 

347 

54 

033 

045 

058 

070 

083 

095 

108 

120 

133 

145 

3 

3.9 

348 


158 

170 

183 

195 

208 

220 

233 

245 

258 

270 

4 

5.2 

349 1 


283 

295 

307 

320 

332 

345 

357 

370 

382 

394 

6 

7.8 

350 


407 

419 

432 

444 

456 

469 

481 

494 

506 

518 

7 

8 

9.1 

10.4 

351 


531 

543 

555 

568 

580 

693 

606 

617 

630 

642 

9 1 

11.7 

352 


654 

667 

679 

691 

704 

716 

728 

741 

753 

765 



353 


777 

790 

802 

814 

827 

839 

851 

864 

876 

888 



354 


900 

913 

925 

937 

949 

962 

974 

986 

998 *011 



355 

55 

023 

035 

047 

060 

072 

084 

096 

108 

121 

133 



356 


145 

157 

169 

182 

194 

206 

218 

230 

242 

255 1 



857 


267 

279 

291 

303 

315 

328 

S 40 

352 

364 

376 



358 


388 

400 

413 

425 

437 

449 

461 

473 

486 

497 

1 

1.2 

359 


509 

522 

534 

546 

558 

570 

682 

594 

606 

618 

2 

3 

2.4 

3.6 

360 


630 

642 

654 

666 

678 

691 

703 

715 

727 

739 

4 

C 

4.8 

ft 

361 


751 

763 

775 

787 

799 

811 

823 

836 

847 

859 

O 

6 

o.u 

7.2 

362 


871 

883 

895 

907 

919 

931 

943 

955 

967 

979 

7 

8.4 

363 


991 *003 

*015 *027 

*038 

♦050 *062 *074 

*086 *098 

8 

9 

9.6 

10.8 

364 

56 

110 

122 

134 

146 

158 

170 

182 

194 

205 

217 


365 


229 

241 

253 

265 

277 

289 

301 

312 

324 

336 



366 


348 

360 

372 

384 

396 

407 

419 

431 

443 

455 



367 


467 

478 

490 

602 

514 

526 

538 

549 

561 

573 



368 


585 

597 

608 

620 

632 

644 

656 

667 

679 

691 



369 


703 

714 

726 

738 

750 

761 

773 

785 

797 

808 


li 

370 


820 

832 

844 

855 

867 

879 

891 

902 

914 

926 

1 

1.1 

371 


937 

919 

961 

972 

984 

996 *008 *019 *031 *043 

2 

3 

2.2 

3 3 

372 

57 

054 

066 

078 

089 

101 

113 

124 

136 

148 

159 

4 

4^4 

373 


171 

183 

194 

206 

217 

I 229 

241 

252 

264 

276 

5 

5.5 

374 


287 

299 

310 

322 

334 

345 

357 

368 

380 

392 

6 

7 

6.6 

7.7 

375 


403 

415 

426 

438 

449 

461 

473 

484 

496 

507 

8 

9 

8.8 

9.9 

376 


519 

530 

542 

553 

565 

576 

588 

600 

611 

623 



377 


634 

646 

657 

669 

680 

692 

703 

715 

726 

738 



378 


749 

761 

772 

784 

795 

807 

818 

830 

841 

852 



379 


864 

875 

887 

898 

910 

921 

933 

944 

955 

967 



380 


978 

990 *001 *013 *024 

1 *035 *047 *058 *070 

i 

*081 



N , 

L 

0 

1 

2 

3 

4 1 

1 ^ 

6 

7 

8 

9 

P 

. P. 
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LOGARITHMS OF NUMBERS 


Table 1 


Num. 380 to 419. Log:. 579 to 623. 


N 

L 

0 

1 

2 

3 

4 

1 s 

6 

7 

8 


P 

. P. 

380 

57 

978 

990 

*001 

*013 

*024 

1 *035 *047 

00 

*070 *081 



381 

58 

092 

104 

115 

127 

138 

119 

161 

172 

184 

195 



382 


206 

218 

229 

210 

252 

263 

274 

286 

297 

309 



383 


320 

331 

343 

354 

365 

377 

388 

399 

410 

422 



384 


433 

414 

456 

467 

478 

490 

501 

512 

524 

535 


1 i 

385 


546 

557 

569 

5 S 0 

591 

602 

614 

625 

636 

647 


1.1 
o o. 

386 


659 

670 

6 S 1 

692 

704 

715 

726 

737 

749 

760 

o 

387 


771 

782 

794 

S 05 

816 

827 

838 

850 

861 

872 

3 

3.3 

388 


883 

894 

906 

917 

928 

939 

950 

961 

973 

984 

4 

4.4 

389 


995 *006 *017 

*028 *040 

*051 

*062 *073 

*084 *095 

6 

5.5 

6.6 

390 

59 

106 

118 

129 

140 

151 

162 

173 

184 

195 

207 

7 

8 

7.7 

8.8 

391 


218 

229 

240 

251 

262 

273 

284 

295 

306 

318 

9 

9.9 

392 


329 

340 

851 

362 

373 

384 

395 

406 

417 

428 



393 


439 

450 

461 

472 

483 

494 

506 

517 

528 

539 



394 


550 

561 

572 

683 

594 

605 

616 

627 

638 

649 



395 


660 

671 

682 

693 

704 

715 

726 

737 

748 

759 



396 


770 

780 

791 

802 

813 

824 

835 

846 

857 

868 


10 

397 


879 

890 

901 

912 

923 

934 

945 

956 

906 

977 


398 


988 

999 *010 

*021 *032 

*043 *054 

*065 *076 *086 

1 

! 1.0 

399 

60 

097 

108 

119 

130 

141 

152 

163 

173 

184 

195 

2 

2.0 













3 

3.0 

400 


206 

217 

228 

239 

249 

! 260 

271 

282 

293 

804 

4 

4.0 

401 


314 

325 

336 

347 

358 

369 

379 

390 

401 

412 

5 

(> 

5.0 

6.0 

402 


423 

433 

444 

455 

466 

477 

487 

498 

509 

520 

7 

7.0 

403 


531 

541 

552 

563 

574 

584 

695 

606 

617 

627 

8 

8.0 

404 


638 

649 

660 

670 

681 

692 

703 

713 

724 

735 

9 

9.0 

405 


746 

756 

767 

778 

788 

799 

810 

821 

831 

842 



406 


853 

863 

874 

885 

895 

906 

917 

927 

938 

949 



407 


959 

970 

981 

991 *002 

*013 *023 

*034 *015 *055 



408 

61 

0 C 6 

077 

087 

098 

109 

119 

130 

140 

151 

162 



409 


172 

183 

194 

204 

215 

225 

236 

247 

257 

268 



410 


278 

289 

300 

310 

321 

331 

342 

352 

363 

374 



411 


384 

395 

405 

416 

426 

437 

448 

458 

469 

479 



412 


490 

500 

511 

621 

532 

642 

653 

563 

574 

684 



413 


595 

606 

616 

627 

637 

648 

658 

669 

679 

690 



414 


700 

711 

721 

731 

742 

752 

763 

773 

784 

794 



415 


805 

815 

826 

836 

847 

857 

868 

878 

888 

899 



416 


909 

920 

930 

941 

951 

962 

972 

982 

993 

*003 



417 

62 

014 

024 

034 

045 

055 

066 

076 

086 

097 

107 



418 


118 

128 

138 

149 

159 

170 

180 

190 

201 

211 



419 


221 

232 

242 

252 

263 

273 

284 

294 

304 

315 



420 


325 

335 

346 

356 

366 

377 

387 

397 

408 

418 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 



Table 1 


LOGARITHMS OF NUMBERS 


237 


Num. 420 to 459. 623 to 662. 


N 

L 

0 

1 

2 

3 

4 

3 

6 

7 

8 

P 

P, 

. P. 

420 

62 

325 

335 

346 

356 

366 

377 

387 

397 

4CS 

418 



421 


428 

439 

449 

459 

469 

480 

430 

500 

511 

521 



422 


531 

542 

552 

562 

572 

583 

593 

603 

613 

624 



423 


634 

644 

655 

665 

675 

(■.<> 

69(> 

706 

716 

726 



424 


737 

747 

757 

767 

778 

788 

798 

808 

SIS 

829 



425 


839 

849 

859 

870 

8S0 

890 

990 

910 

921 

931 



426 


941 

951 

961 

972 

982 

992 

*002 

*012 *022 *033 



427 

63 

043 

053 

063 

073 

0S3 

094 

104 

114 

124 

134 



428 


144 

155 

165 

175 

ISo 

1U5 

205 

215 

225 

236 



429 


246 

256 

266 

276 

286 

296 

306 

317 

327 

337 


10 

430 


347 

357 

367 

377 

387 

397 

407 

417 

428 

4SS 

1 

o 

1.0 

2.0 

431 


448 

458 

468 

478 

488 

498 

508 

518 

528 

53S 

3 

3.0 

432 


548 

558 

568 

579 

589 

599 

609 

619 

629 

639 

4 

4.0 

433 


649 

659 

669 

679 

689 

699 

709 

719 

729 

739 

6 

5.0 

6.0 

434 


749 

759 

769 

779 

789 

799 

809 

819 

829 

839 

7 

7.0 













8 

8.0 

436 


849 

859 

869 

879 

889 

899 

909 

919 

929 

939 

9 

9-0 

436 


949 

959 

969 

979 

9S8 

99S *038 

* :s 

*028 

*038 



437 

64 

048 

058 

068 

078 

088 

098 

108 

IIS 

128 

137 



438 


147 

157 

167 

177 

187 

197 

207 

217 

227 

237 



439 


246 

256 

266 

276 

2S6 

296 

306 

316 

326 

335 



440 


345 

355 

365 

375 

385 

395 

404 

414 

424 

434 



441 


444 

454 

464 

473 

4S3 

493 

50;’> 

513 

523 

532 



442 


542 

552 

562 

572 

582 

691 

601 

611 

621 

631 



443 


640 

650 

660 

670 

680 

689 

699 

709 

719 

729 



444 


738 

748 

758 

768 

777 

787 

797 

807 

816 

826 



445 


836 

S46 

856 

865 

875 

885 

895 

904 

914 

924 


9 

446 


933 

943 

953 

963 

972 

982 

992 

*002 

*011 

*021 

1 

0.9 

447 

65 

031 

040 

050 

060 

070 

079 

089 

099 

108 

118 

2 

o 

1-S 

448 


128 

137 

147 

157 

167 

176 

186 

196 

205 

215 

o 

4 

3.6 

449 


225 

234 

244 

254 

263 

: 273 

283 

292 

302 

312 

5 

4.5 













6 

5.4 

450 


321 

331 

341 

350 

360 

369 

379 

389 

398 

408 

7 

6.3 

451 


418 

427 

437 

447 

456 

466 

475 

485 

495 

504 

8 

9 

7.2 

8.1 

452 


514 

523 

533 

543 

552 

562 

571 

581 

591 

600 


453 


610 

619 

629 

639 

648 

658 

667 

677 

686 

696 



454 


706 

715 

725 

734 

744 

753 

763 

772 

782 

792 



455 


801 

811 

■820 

830 

839 

849 

858 

868 

877 

887 



456 


896 

906 

916 

925 

935 

944 

954 

963 

973 

982 



457 


992 *001 ^ 

*011 *020 *030 

*039 *049 

*058 

*068 *077 



458- 

66 

087 

096 

106 

115 

124 

134 

143 

153 

162 

172 



459 


181 . 

191 

200 

210 

219 

229 

238 

247 

257 

266 



460 


276 

285 

295 

304 

314 

323 

332 

342 

351 

361 



n’ 

U 

0 

t 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 



238 LOGARITHMS OF NUMBERS Table 1 


Num. 460 to 490. Log. 662 to 698. 


N 

U 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

. P. 

460 

66 

276 

2S5 

295 

304 

314 

323 

332 

342 

351 

361 



461 


370 

3S0 

389 

398 

408 

417 

427 

436 

445 

455 



462 


464 

474 

483 

492 

502 

511 

.521 

©30 

539 

549 



463 


558 

567 

577 

586 

596 

605 

614 

624 

633 

642 



464 


652 

661 

671 

680 

689 

699 

708 

717 

727 

736 



465 


745 

755 

764 

773 

783 

792 

801 

811 

820 

829 



466 


839 

848 

857 

867 

876 

885 

894 

904 

913 

922 



467 


932 

941 

950 

960 

969 

978 

987 

997 *006 *015 



468 

67 

025 

034 

043 

052 

062 

071 

080 

089 

099 

108 



469 


117 

127 

136 

145 

154 

164 

173 

182 

191 

201 


lO 

470 


210 

219 

228 

237 

247 

256 

265 

274 

284 

293 

1 1 
2 

1.0 

2.0 

471 


302 

311 

321 

330 

339 

348 

357 

367 

376 

385 

3 

3.0 

472 


394 

403 

413 

422 

431 

440 

449 

459 

468 

477 

4 

4.0 

473 


486 

495 

504 

614 

523 

532 

541 

550 

660 

569 

6 

6.0 

6.0 

474 ' 


578 

687 

596 

605 

614 

624 

633 

642 

651 

660 

7 

7.0 













8 

8.0 

475 


669 

679 

688 

697 

706 

715 

724 

733 

742 

752 

9 

9.0 

476 


761 

770 

779 

788 

797 

806 

815 

825 

834 

843 



477 


S52 

861 

870 

879 

888 

897 

906 

916 

925 

934 



478 


943 

952 

961 

970 

979 

988 

997 

*006 *015 *024 



479 

68 

034 

043 

052 

061 

070 

079 

088 

097 

106 

115 



480 


124 

133 

142 

151 

160 

169 

178 

187 

196 

205 



481 


215 

224 

233 

242 

251 

260 

269 

278 

287 

296 



482 


305 

314 

323 

332 

341 

850 

359 

368 

377 

386 



483 ; 


395 

404 

413 

422 

431 

440 

449 

458 

467 

476 



484 


485 

494 

502 

511 

520 

529 

538 

547 

556 

565 



485 : 


574 

583 

592 

601 

610 

619 

628 

637 

646 

655 , 


9 

486 


664 

673 

681 

690 

699 

708 

717 

726 

735 

744 

1 

0.9 

487 


753 

762 

771 

780 

789 

797 

806 

815 

824 

833 

2 

1.8 

488 


842 

851 

860 

869 

878 

886 

895 

904 

913 

922 

3 

4 

2.7 

3.6 

489 


931 

940 

949 

958 

966 

975 

984 

993 *002 *011 

5 

4.5 













6 

6.4 

490 

69 

020 

028 

037 

046 

055 

064 

073 

082 

090 

099 

7 

6.3 

491 


108 

117 

126 

135 

144 

152 

162 

170 

179 

188 

8 

7.2 

492 


197 

205 

214 

223 

232 

241 

249 

258 

267 

276 

9 

8.1 

493 


285 

294 

302 

311 

320 

329 

338 

346 

355 

364 



494 


373 

381 

390 

399 

408 

417 

425 

434 

443 

452 



495 


461 

469 

478 

487 

496 

504 

513 

522 

531 

539 



496 


548 

557 

566 

574 

583 

592 

601 

609 

618 

627 



497 


636 

644 

653 

662 

671 ‘ 

679 

688 

697 

705 

714 



498 


723 

732 

740 

749 

768 

767 

775 

784 

793 

SOI 



499 


810 

819 

827 

836 

845 

864 

862 

871 

880 

888 



500 


897 

906 

914 

923 

932 

940 

949 

958 

966 

975 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 



Table 1 LOGARITHMS OF NVMBERS 239 


Num. SOO to S3!>. Lost- <598 to 732. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 

500 

69 

897 

906 

914 

922 

932 

940 

949 

958 

966 

975 



601 


984 

992 *001 *010 *018 

*027 *036 *044 

*053 

*062 



502 

70 

070 

079 

0.S8 

096 

105 

114 

122 

131 

140 

148 



503 


157 

165 

174 

183 

191 

200 

209 

217 

226 

234 



504 


243 

252 

260 

269 

278 

286 

295 

303 

312 

321 



605 


329 

338 

346 

355 

364 

372 

381 

389 

398 

406 



606 


415 

424 

432 

441 

449 

458 

467 

475 

484 

492 



607 


501 

509 

518 

526 

535 

544 

552 

561 

569 

578 



608 


586 

595 

603 

612 

621 

629 

638 

646 

655 

663 



509 


672 

680 

689 

697 

706 

714 

723 

731 

740 

749 


9 

510 


757 

7G6 

774 

783 

791 

800 

808 

817 

825 

834 

1 

2 

0.9 

1.8 

611 


842 

851 

859 

868 

876 

885 

893 

902 

910 

919 

3 

2.T 

512 


927 

935 

944 

952 

961 

969 

978 

986 

995 *003 

4 

3.6 

513 

71 

012 

020 

029 

037 

046 

054 

063 

071 

079 

OSS 

6 

5.4 

514 


096 

105 

113 

122 

130 

139 

147 

155 

164 

172 

7 

6.3 













8 

7.2 

615 


181 

189 

198 

206 

214 

223 

231 

240 

248 

257 

9 

8.1 

516 


265 

273 

282 

290 

299 

307 

315 

324 

332 

341 



617 


349 

357 

366 

374 

383 

391 

399 

408 

416 

425 



618 


433 

441 

450 

458 

466 

475 

483 

492 

600 

508 



519 


617 

525 

533 

542 

550 

559 

667 

575 

584 

592 



520 


600 

609 

617 

625 

634 

642 

650 

659 

667 

675 



621 


684 

692 

700 

709 

717 

725 

734 

742 

750 

769 



522 


767 

775 

784 

792 

800 

809 

817 

825 

834 

842 



623 


850 

858 

867 

875 

883 

892 

900 

908 

917 

925 



624 


933 

941 

950 

958 

966 

975 

983 

991 

999 *008 



625 

72 

016 

024 

032 

041 

049 

057 

066 

074 

082 

090 


8 

626 


099 

107 

115 

123 

132 

140 

148 

156 

165 

173 

1 

0-8 

527 


181 

189 

198 

206 

214 

222 

230 

239 

247 

255 

2 

o 

1.6 

2 4 

528 


263 

272 

280 

288 

296 

304 

313 

321 

329 

337 

o 

4 

3!2 

529 


346 

354 

362 

370 

378 

387 

395 

403 

411 

419 

5 

4.0 













6 

4,8 

530 


428 

436 

444 

452 

460 

409 

477 

485 

493 

501 

7 

! 5.6 

531 


509 

518 

526 

534 

542 

550 

558 

667 

575 

583 

8 

o 

6-4 

*7 o 

632 


591 

599 

607 

616 

624 

632 

640 

648 

656 

665 


i 

533 


673 

681 

689 

697 

705 

713 

722 

730 

738 

746 



534 


754 

762 

770 

779 

787 

795 

808 

811 

819 

827 



635 


835 

843 

852 

860 

868 

876 

884 

892 

900 

908 



536 


916 

925 

933 

941 

949 

957 

965 

973 

981 

989 



637 


997 *006 *014 *022 *030 

*038 *046 *054 

062 *070 



638 

73 

078 

086 

094 

102 

111 

119 

127 

135 

143 

151 



639 


159 

167 

175 

183 

191 

199 

207 

216 

223 

231 



540 


239 

247 

255 

263 

272 

280 

288 

296 

304 

312 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P, 

P. 



240 


LOGARITHMS OF NUMBERS 


Table 1 


Num. 540 to 579. Log. 732 to 763. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P 

. P, 

540 

73 

239 

247 

255 

263 

272 

280 

288 

296 

304 

312 



541 


320 

328 

336 

344 

352 

360 

368 

376 

384 

892 



542 


400 

408 

416 

424 

432 

440 

448 

456 

464 

472 



543 


480 

488 

496 

504 

512 

520 

528 

536 

544 

, 552 



544 


560 

508 

576 

584 

592 

600 

60S 

616 

624 

632 



545 


640 

648 

656 

664 

672 

679 

687 

695 

703 

711 



546 


719 

727 

735 

743 

751 

759 

767 

775 

783 

791 



547 


799 

807 

815 

823 

’830 

838 

846 

854 

862 

870 



548 


878 

886 

894 

902 

910 

918 

926 

933 

941 

949 



549 


957 

965 

973 

981 

989 

997 *005 *013 *020 *028 



550 

74 

036 

044 

052 

060 

068 

076 

084 

092 

099 

107 

1 

2 

0.8 

1.6 

551 


115 

123 

331 

139 

147 

155 

162 

170 

178 

186 

8 

2.4 

652 


194 

202 

210 

218 

225 

233 

241 

249 

257 

265 

4 

3.2 

553 


273 

280 

288 

296 

304 

312 

320 

327 

335 

343 

6 

4.8 

554 


351 

359 

367 

374 

382 

390 

398 

406 

414 

421 

7 

5.6 













8 

6.4 

555 


429 

437 

445 

453 

461 

46S 

476 

484 

492 

500 

9 

7.2 

556 


507 

515 

523 

531 

539 

547 

554 

562 

570 

578 



557 


586 

593 

601 

609 

617 

624 

632 

640 

648 

656 



558 


663 

671 

679 

687 

695 

702 

710 

718 

726 

733 



559 


741 

749 

757 

764 

772 

780 

788 

796 

803 

811 



560 


819 

827 

834 

842 

850 

858 

865 

873 

881 

889 



561 


896 

904 

912 

920 

927 

935 

943 

950 

958 

966 



562 


974 

981 

989 

997 *005 

*012 *020 *028 *035 *043 



563 

75 

051 

059 

066 

074 

082 

089 

097 

105 

113 

120 



564 


128 

136 

143 

151 

159 

166 

174 

182 

189 

197 



565 


205 

213 

220 

228 

236 

243 

251 

259 

266 

274 


7 

566 


282 

289 

297 

305 

312 

320 

328 

335 

343 

351 

1 

0.7 

667 


358 

366 

374 

381 

389 

397 

404 

412 

420 

427 

2 

1.4 

568 


435 

442 

450 

458 

465 

473 

481 

488 

496 

504 

3 

4 

2.1 

2.8 

569 


511 

519 

526 

534 

542 

549 

557 

565 

572 

580 

5 

3.5 













6 

4.2 

570 


587 

595 

603 

610 

618 

626 

633 

641 

648 

656 

7 

4.9 

571 


664 

671 

679 

686 

694 

702 

709 

717 

724 

732 

8 

5.6 

572 


740 

747 

755 

762 

770 

778 

785 

793 

800 

808 

9 

6.3 

673 


815 

823 

831 

888 

846 

853 

861 

868 

876 

884 



574 


891 

899 

906 

914 

921 

929 

937 

944 

952 

959 



675 


967 

974 

982 

989 

997 

*005 *012 *020 *027 *035 



576 

76 

042 

050 

057 

065 

072 

080 

087 

095 

103 

110 



577 


118 

125 

133 

140 

148 

155 

163 

170 

178 

185 



578 


193 

200 

208 

215 

223 

230 

238 

245 

253 

260 



579 


268 

275 

283 

290 

298 

305 

313 

820 

328 

335 



580 


343 

350 

358 

365 

373 

380 

388 

395 

403 

410 



N 

L 

0 

i 

2 

3 

4 

S 

6 

7 

S 

9 

P. 

P. 



Table 1 LOGARITHMS OF NUMBERS 241 


Num. 580 to 619 . Log. 763 to 792. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 

580 

76 

343 

350 

358 

365 

! 

373 

380 

388 

395 

403 

410 


8 

581 


418 

425 

433 

440 

448 

455 

462 

470 

477 

4S5 


O.S 

1.5 

582 


492 

500 

507 

515 

522 

530 

537 

545 

652 

559 

1 

2 

583 


567 

574 

582 

589 

597 

604 

612 

619 

626 

634 

3 

2.4 

584= 


641 

649 

656 

664 

671 

678 

686 

693 

701 

70S 

4 

3.2 







1 






5 

4.0 

585 


716 

723 

730 

738 

745 

753 

760 

768 

775 

782 

6 

4.8 

586 


790 

797 

805 

812 

819 1 

827 

834 

842 

849 

S5C 

7 

8 

5.6 

6.4 

587 


864 

871 

879 

886 

893 

901 

908 

916 

923 

930 

9 

7.2 

588 


938 

945 

953 

960 

967 

975 

982 

989 

997 *004 



589 

77 

012 

019 

026 

034 

041 

048 

056 

063 

070 

078 



590 


085 

093 

100 

107 

115 

122 

129 

137 

144 

151 



591 


159 

166 

173 

181 

188 

195 

203 

210 

217 

225 



592 


232 

240 

247 

254 

262 

269 

276 

283 

291 

298 



593 


305 

313 

320 

327 

335 

342 

349 

357 

364 

371 



594 


379 

386 

393 

401 

408 ' 

415 

422 

430 

437 

444 



595 


452 

459 

466 

474 

481 

488 

495 

503 

510 

517 



596 


525 

532 

539 

546 

654 

561 

568 

576 

583 

590 



597 


597 

605 

612 

619 

627 

634 

641 

648 

656 

663 


7 

598 


670 

677 

685 

692 

699 

706 

714 

721 

728 

735 



599 


743 

750 

757 

764 

772 ' 

779 

786 

793 

801 

SOS 

1 

2 

1 0.7 

1 1.4 

600 


815 

822 

830 

837 

844 

851 

859 

866 

873 

880 

3 

A 

i 2.1 

O Q 

601 


887 

895 

902 

909 

916 

924 

931 

938 

945 

952 

5 

1 

1 3.5 

602 


960 

967 

974 

981 

988 

996 =*=003 *010 *017 *025 

6 

1 4.2 

603 

■ 78 

032 

039 

046 

053 

061 

068 

075 

082 

089 

097 

7 

i 4.9 

' A 

604 


104 

111 

118 

125 

132 

140 

147 

154 

161 

168 

9 

o«.o 

6.3 

605 


176 

183 

190 

197 

204 

211 

219 

226 

233 

240 



606 

i ■* 

247 

254 

262 

269 

276 

283 

290 

297 

305 

312 



607 


319 

326 

333 

340 

347 

355 

362 

369 

376 

383 



608 


390 

398 

405 

412 

419 

426 

433 

440 

447 

455 



609 

i 

462 

469 

476 

483 

490 

497 

504 

512 

519 

526 



610 


533 

540 

547 

554 

561 

569 

576 

583 

590 

597 



611 


604 

611 

618 

625 

633 

640 

647 

654 

661 

‘668 



612 


675 

682 

689 

696 

704 

711 

718 

725 

732 

739 



613 


746 

753 

760 

767 

774 

781 

789 

796 

802 

810 



614 


817 

824 

831 

838 

845 

852 

859 

866 

873 

880 



615 


888 

895 

902 

909 

916 

923 

930 

937 

944 

951 



616 


958 

965 

972 

979 

986 

993 *000 *007 

*014 *021 



617 

79 

029 

036 

043 

050 

057 

064 

071 

078 

085 

092 



618 


099 

106 

113 

120 

127 

134 

141 

148 

155 

162 



G19 


169 

176 

183 

190 

197 

204 

211 

218 

225 

232 



620 


239 

246 

253 

260 

267 

274 

281 

288 

295 

302 



N 


0 

1 

2 

3 

4 

s 

6 

7 

8 

9 

P. 

P. 



242 LOGARITHMS OF NUMBERS Table 1 


Nam. 620 to 6S9. Log. 702 to 8 40. 


N 

IL- 

0 

1 

2 

3 

4 

S 

6 

7 

8 

9 

P, 


620 

79 

239 

246 

253 

260 

267 

274 

281 

288 

295 

302 



621 


309 

316 

323 

330 

337 

344 

351 

358 

365 

372 



622 


379 

3S6 

393 

400 

407 

414 

421 

428 

435 

442 



623 


449 

456 

463 

470 

477 

484 

491 

498 

605 

511 



624 


518 

525 

532 

539 

546 

553 

560 

567 

574 

681 



625 


588 

595 

602 

609 

616 

.623 

630 

637 

644 

650 



626 


657 

664 

671 

678 

685 

692 

699 

706 

713 

720 



627 


727 

734 

741 

748 

754 

761 

768 

775 

782 

789 



628 


796 

803 

810 

817 

824 

831 

837 

844 

851 

858 



629 


865 

872 

879 

886 

893 

900 

906 

913 

920 

927 



630 


931 

941 

948 

955 

962 

969 

975 

982 

9S9 

996 



631 

SO 

003 

010 

017 

024 

030 

037 

044 

051 

058 

065 



632 


072 

079 

085 

092 

099 

106 

113 

120 

127 

134 



633 


140 

147 

154 

161 

168 

175 

182 

188 

195 

202 



634 


209 

216 

223 

229 

236 

243 

250 

257 

264 

271 



635 


277 

284 

291 

298 

305 

312 

318 

325 

382 

339 



636 


346 

353 

359 

366 

373 

880 

387 

393 

400 

407 



637 


414 

421 

428 

434 

441 

448 

455 

462 

468 

475 



638 


482 

489 

496 

502 

609 

516 

623 

530 

536 

543 

1 

0.7 

639 


550 

557 

564 

670 

577 

584 

591 

698 

604 

611 

2 

3 

1.4 

2.1 

640 


618 

625 

632 

638 

645 

652 

659 

665 

672 

679 

4 

2.8 

3.5 

4.2 

641 


686 

693 

699 

706 

713 

720 

726 

733 

740 

747 

5 

6 

642 


754 

760 

767 

774 

781 

787 

794 

801 

808 

814 

7 1 

4.9 

643 


821 

828 

835 

841’ 

848 

865 

862 

868 

875 

882 

8 

9! 

5.6 
; 6.3 

644 


889 

895 

902 

909 

916 

922 

929 

936 

943 

949 

645 


956 

963 

969 

976 

983 

990 

996 

*003 

*010 

*017 



646 

SI 

023 

030 

037 

043 

050 

057 

064 

070 

077 

084 



647 


J90 

097 

104 

111 

117 

124 

131 

137 

1.44 

151 



648 


158 

164 

171 

178 

184 

191 

198 

204 

211 

218 



649 


224 

231 

238 

245 

251 

258 

265 

271 

278 

285 



650 


291 

298 

305 

311 

318 

325 

331 

338 

345 

351 



651 


358 

365 

371 

378 

385 

391 

398 

405 

411 

418 



652 


425 

431 

438 

445 

451 

458 . 465 

471 

478 

485 



653 


491 

498 

505 

511 

518 

525 

531 

638 

544 

551 



654 


558 

564 

571 

578 

584 

591 

598 

604 

611 

617 



655 


624 

631 

637 

644 

651 

657 

664 

671 

677 

684 



656 


690 

697 

704 

710 

717 

723 

730 

737 

743 

750 



657 


757 

763 

770 

776 

783 

790 

796 

803 

809 

816 



658 


823 

829 

836 

842 

849 

856 

862 

869 

875 

882 



659 


889 

895 

902 

908 

915 

921 

928 

935 

941 

948 



660 


954 

961 

968 

974 

981 

987 

994 *000 *007 »^014 



N . 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 j 

P. 

P. 



Table 1 LOGARITHMS OF NUMBERS 243 


Num. 660 to 60P. Log. 819 to 845. 


N 

L 

0 

t 

2 

3 

4 

5 

6 

7 

8 

9 

P, 

. P. 

660 

81 

954 

961 

96S 

974 

981 

987 

994 *000 *007 *014 


7 

661 

82 

020 

027 

033 

040 

046 

053 

060 

066 

073 

079 


0.7 

1.4 

662 


0R6 

092 

009 

105 

112 

119 

125 

132 

138 

145 

1 

2 

66B 


151 

158 

164 

171 

17S 

184 

191 

197 

204 

210 

3 

2.1 

664 


217 

223 

230 

236 

243 

249 

256 

^63 

269 

276 

4 

2.8 













5 

3.6 

665 


282 

289 

295 

302 

308 

315 

321 

328 

334 

341 

6 

4.2 

4.9 

5.6 

666 


347 

354 

360 

367 

373 

380 

387 

393 

400 

406 

s 

667 


413 

419 

426 

432 

439 

445 

452 

458 

465 

471 

9 

6.3 

668 


478 

484 

491 

497 

504 

510 

517 

523 

530 

536 



669 


543 

549 

556 

562 

569 

675 

682 

588 

595 

601 



670 


607 

614 

620 

627 

633 

640 

646 

653 

659 

666 



671 


672 

679 

685 

692 

698 

705 

711 

718 

724 

730 



672 


737 

743 

750 

756 

763 

769 

776 

782 

789 

795 



673 


802 

808 

814 

821 

827 

834 

840 

847 

853 

860 



674 


866 

872 

879 

885 

892. 

898 

905 

911 

918 

924 



675 


930 

937 

943 

950 

956 

963 

969 

975 

982 

9SS 



676 


995 *001 

*008 *014 *020 

*027 *033 

*040 *046 

*052 



677 

83 

059 

065 

072 

078 

085 

091 

097 

104 

110 

117 


6 

678 


123 

129 

136 

142 

149 

155 

161 

168 

174 

181 



679 


187 

193 

200 

206 

213 

219 

225 

232 

238 

245 

1 

2 

i 0.6 

1.2 

680 


251 

257 

264 

270 

276 

283 

2S9 

296 

302 

308 

3 

A 

1,8 ■ 
2.4 

3.0 

681 


315 

321 

327 

334 

340 

347 

353 

359 

366 

372 

5 

682 ; 


378 

385 

391 

398 

404 

410 

417 

423 

429 

436 

6 

3.6 

683 ; 


442 

448 

455 

461 

467 

474 

480 

487 

493 

499 

7 

I 

4.2 

4.8 

5.4 

684 i 


506 

512 

518 

525 

531 

537 

544 

550 

556 

563 

686 


569 

575 

582 

588 

594 

601 

607 

613 

620 

626 



686 ! 


632 

639 

645 

651 

658 

664 

670 

677 

683 

689 



687 


696 

702 

708 

715 

721 1 

727 

734 

740 

746 

753 



688 


759 

765 

771 

778 

784 

790 

797 

803 

809 

816 



689 


822 

828 

835 

841 

847 

853 

860 

866 

872 

879 



690 


885 

891 

897 

904 

910 

916 

923 

929 

935 

942 



691 


948 

954 

960 

967 

973 

979 

985 

992 

998 *004 



692 

84 

Oil 

017 

023 

029 

036 

042 

048 

055 

061 

067 



693 


073 

OSO 

086 

092 

098 

105 

111 

117 

123 

130 



694 


136 

142 

148 

155 

161 

167 

173 

180 

186 

192 



695 


198 

205 

211 

217 

223 

230 

236 

242 

248 

255 



696 


261 

267 

273 

280 

286 

292 

298 

305 

311 

317 



697 


323 

330 

336 

342 

348 

354 

861 

367 

373 

379 



698 


386 

392 

398 

404 

410 

417 

423 

429 

435 

442 



699 


448 

454 

460 

466 

473 

479 

485 

491 

497 

504 



700 


510 

516 

622 

528 

535 

541 

547 

653* 

559 

566 



N.. 

. L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

- P. 

P. 
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LOGARITHMS OF NUMBERS 


Table 1 




Num. 

. 700 to 

739. 

Log 

. 845 to 

860 




N 

L 

0 

1 

2 

3 

4 

5 

6 

j 

8 

9 

P. 

. P. 

700 

84 

510 

516 

522 

528 

535 

541 

547 

553 

559 

566 



701 


572 

578 

584 

590 

597 

603 

609 

615 

621 

628 



702 


634 

640 

646 

652 

658 

665 

671 

677 

683 

689 



703 


696 

702 

708 

714 

720 

726 

733 

739 

745 

751 



704 


757 

763 

770 

776 

782 

788 

794 

800 

807 

813 



705 


819 

825 

831 

837 

844 

850 

856 

862 

868 

874 



706 


880 

887 

893 

899 

905 

911 

917 

924 

930 

936 



707 


942 

948 

954 

960 

967 

973 

979 

985 

991 

997 



708 

85 

003 

009 

016 

022 

028 

034 

040 

046 

052 

058 



709 


065 

071 

077 

083 

089 

095, 

101 

107 

114 

120 



710 


126 

132 

138 

144 

150 

156 

163 

169 

175 

181 



711 


187 

193 

199 

205 

211 

217 

224 

230 

236 

242 



712 


248 

254 

260 

266 

272 

278 

285 

291 

297 

303 



713 


. 309 

315 

321 

327 

333 

339 

345 

352 

358 

364 



714 


370 

376 

382 

388 

394 

400 

406 

412 

418 

425 



715 


431 

437 

443 

449 

455 

461 

467 

473 

479 

485 



716 


491 

497 

503 

509 

516 

522 

528 

534 

540 

646 



717 


552 

558 

664 

570 

576 

682 

588 

594 

600 

606 


6 

718 


612 

618 

625 

631 

637 

643 

649 

655 

661 

667 


0.6 

1.2 

719 


673 

679 

685 

691 

697 

703 

709 

715 

721 

727 

1 

2 

720 


733 

739 

745 

751 

757 

763 

769 

775 

781 

788 

3 

4 

1.8 

2.4 

721 


794 

800 

806 

812 

818 

824 

830 

836 

842 

848 

6 

3.0 

722 


854 

860 

866 

872 

878 

884 

890 

896 

902 

908 

6 

3.6 

723 


914 

920 

926 

932 

938 1 

944 

950 

956 

962 

968 

7 

8 

4.2 

4.8 

724 


974 

980 

986 

992 

998 

*004 *010 

*016 *022 

*028 

9 

6.4 

725 

86 

034 

040 

046 

052 

058 i 

064 

070 

076 

082 

088 



726 


094 

100 

106 

112 

118 

124 

130 

136 

141 

147 



727 


153 

159 

165 

171 

177 

183 

189 

195 

201 

207 



728 


213 

219 

225 

231 

237 

243 

249 

255 

261 

267 



729 


273 

279 

285 

291 

297 

303 

308 

314 

320 

326 



730 


332 

338 

344 

350 

356 

362 

368 

374 

380 

386 



731 


392 

398 

404 

410 

415 

421 

427 

433 

439 

445 



732 


451 

457 

463 

469 

475 

481 

487 

493 

499 

504 



733 


510 

516 

522 

528 

634 

540 

546 

552 

558 

664 



734 


570 

576 

581 

587 

593 

599 

605 

611 

617 

623 



735 


629 

635 

641 

646 

652 

658 

664 

670 

676 

682 



736 


688 

694 

700 

705 

711 

717 

723 

729 

735 

741 



737 


747 

753 

759 

764 

770 

776 

782 

788 

794 

800 



738 


806 

812 

817 

823 

829 

835 

841 

847 

853 

859 



739 


864 

870 

876 

882 

888 

894 

900 

906 

911 

917 



740 


923 

929- 

935 

941 

947 

953 

958 

964 

970 

976 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 


Table 1 LOGARITHMS OF NUMBERS 245 


Num. 740 to 779 . Log. 860 to 802. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. P. 

740 

86 

923 

929 

935 

941 

947 

953 

958 

964 

970 

976 



741* 


982 

9S8 

994 

999 *005 

*011 *017 *023 *029 *035 



742 

87 

040 

046 

052 

058 

064 

070 

075 

081 

087 

093 



743 


099 

105 

111 

116 

122 

128 

134 

140 

146 

151 



744 


157 

163 

169 

175 

181 

186 

192 

198 

204 

210 



745 


216 

221 

227 

233 

239 

245 

251 

256 

262 

268 



746 


274 

280 

286 

291 

297 

303 

309 

315 

320 

326 



747 


332 

338 

344 

349 

855 

361 

367 

373 

379 

384 



748 


390 

396 

402 

408 

413 

419 

425 

431 

437 

442 



749 


448 

454 

460 

466 

471 

477 

483 

489 

495 

500 ' 



750 


506 

612 

518 

523 

529 

535 

541 

547 

552 

558 



751 


564 

570 

576 

681 

587 

693 

599 

604 

610 

616 



752 


622 

628 

633 

639 

645 

651 

656 

662 

668 

674 



753 


679 

685 

691 

697 

703 

708 

714 

720 

726 

731 



754 


737 

743 

749 

754 

760 

766 

772 

777 

783 

789 



755 


795 

800 

806 

812 

818 

823 

829 

835 

841 

846 



756 


852 

858 

864 

869 

875 

881 

887 

892 

898 

904 



757 


910 

915 

921 

927 

933 

938 

944 

950 

955 

961 


6 

758 


967 

973 

978 

984 

990 

996 

*001. *007 *013 *018 


0.6 

1.2 

759 

88 

024 

030 

036 

041 

047 

053 

058 

064 

070 

076 


760 


081 

087 

093 

098 

304 

310 

116 

121 

127 

133 

3 

4 i 

1.8 

2.4 

761 


138 

144 

150 

156 

161 

167 

173 

178 

184 

190 

5 i 

3.0 

762 


195 

201 

207 

213 

218 ; 

224 

230 

235 

241 

247 

6 

*7 

3.6 

4.2 

4.8 

763 


252 

258 

264 

270 

275 i 

281 

287 

292 

298 

304 

/ 

8 

764 


309 

315 

321 

326 

332 i 

338 

343 

349 

355 

360 

9 

5-4 

765 


366 

372 

377 

383 

389 

395 

400 

406 

412 

417 



766 


423 

429 

434 

440 

446 

451 

457 

463 

468 

474 



767 


480 

485 

491 

497 

502 

508 

513 

519 

525 

530 



768 


536 

542 

547 

553 

559 

564 

570 

576 

581 

687 



769 


593 

698 

604 

610 

615 

621 

627 

632 

638 

643 



770 


649 

655 

660 

666 

672 

677 

683 

689 

694 

700 



771 


705 

711 

717 

722 

728 

734 

739 

745 

750 

756 



772 


762 

767 

773 

779 

784 

790 

795 

801 

807 

812 



773 


818 

824 

829 

835 

840 

846 

852 

857 

863 

868 



774 


874 

880 

885 

891 

897 

902 

908 

913 

919 

925 



776 


930 

936 

941 

947 

953 

958 

964 

969 

975 

981 


, 

776 


986 

992 

997 *003 *009 

*014 *020 *025 *031 

*037 



777 

89 

042 

048 

053 

059 

064 

070 

076 

081 

087 

092 



778 


098 

104 

109 

115 

120 

126 

131 

137 

143 

148 



779 


154 

159 

165 

170 

176 

182 

187 

193 

198 

204 ^ 



780 


209 

215 

221 

226 

232 

237 

243 

248 

2m 

260 



N 

L 

O 

i 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P- 



246 LOGARITHMS OP NUMBERS Table 1 


Num. 780 to 819. Log. 892 to 913. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P 

. P. 

780 

S9 

209 

215 

221 

226 

232 

237 

243 

248 

25 1 

260 



781 


265 

271 

276 

282 

287 

293 

298 

304 

310 

315 


* 

782 


321 

326 

332 

337 

343 

348 

354 

360 

S(>o 

371 



783 


376 

382 

387 

393 

398 

404 

409 

415 

421 

426 



784 


432 

437 

443 

448 

454 

459 

465 

470 

476 

481 



785 i 


487 

492 

498 

504 

509 

515 

520 

526 

531 

537 



786 


542 

54S 

553 

559 

564 

670 

575 

5S1 

586 

592 



787 


597 

603 

609 

614 

620 

625 

631 

636 

642 

647 



788 


653 

658 

664 

669 

675 

680 

686 

691 

697 

702 



789 


708 

713 

719 

724 

730 

735 

741 

746 

752 

757 



790 


763 

768 

774 

779 

785 

790 

796 

801 

807 

812 



791 


818 

823 

829 

834 

840 

845 

851 

856 

862 

867 



792 


873 

878 

883 

889 

894 

900 

905 

911 

916 

922 



793 


927 

933 

938 

944 

949 

955 

960 

966 

971 

977 



794 


982 

988 

993 

998 *004 

*009 *015 *020 *026 *031 



795 

90 

037 

042 

048 

053 

059 

064 

069 

075 

080 

086 



796 


091 

097 

102 

108 

113 

119 

124 

129 

135 

140 j 



797 


146 

151 

157 

162 

168 

173 

179 

184 

189 

195 1 


5 

798 


200 

.206 

211 

217 

222 

227 

233 

238 

244 

249 


1 0.5 

1 1.0 

799 


255 

260 

266 

271 

276 

282 

287 

293 

298 

304 

2 

800 


309 

314 

320 

325 

331 

336 

342 

347 

352 

358 

3 

4 

1 1.5 

1 2.0 

801 


363 

369 

374 

380 

385 

390 

396 

401 

407 

412 

5 

.2.5 

802 


417 

423 

428 

434 

439 

445 

450 

455 

461 

466 

6 

w 

3.0 

8.5 
! 4.0 

803 


472 

477 

482 

488 

493 

499 

604 

509 

515 

520 

/ 

8 

804 


526 

531 

536 

'542 

547 

553 

558 

563 

509 

574 

9 

1 4.5 

805 


580 

585 

590 

596 

601 

607 

612 

617 

623 

628 



806 


634 

639 

644 

650 

655 

660 

666 

671 

677 

682 



807 


687 

693 

698 

703 

709 

714 

720 

725 

730 

736 



808 


741 

747 

752 

757 

763 

768 

773 

779 

784 

789 



809 


795 

800 

806 

811 

816 

822 

827 

832 

838 

843 



810 


849 

854 

859 

8.65 

870 

875 

881 

886 

891 

897 



811 

1 

902 

907 

913 

918 

924 

929 

934 

940 

945 

950 



812 


956 

961 

966 

972 

977 

982 

988 

993 

998 *004 



813 

91 

009 

014 

020 

025 

030 

036 

041 

046 

052 

057 



814 


062 

068 

073 

078 

084 

089 

094 

100 

105 

110 



815 


116 

121 

126 

132 

137 

142 

148 

153 

158 

164 



816 


169 

174 

ISO 

185 

190 

196 

201 

206 

212 

217 



817 


222 

228 

233 

238 

243 

249 

264 

259 

265 

270 



818 


275 

281 

286 

291 

297 

302 

307 

312 

318 

323 



819 


328 

334 

339 

344 

350 

355 

360 

365 

371 

376 



820 


381 

387 

392 

397 

403 

408 

413 

418 

424 

429 



N 

JL 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

JP*- 



-lable 1 LOGARITHMS OF NUMBERS 247 


Num. 820 to 859. Log. 913 to 934. 


N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

. P. 

820 

91 

381 

387 

392 

397 

403 

408 

413 

418 

424 

429 



821 


434 

440 

445 

450 

455 

461 

466 

471 

477 

482 



822 


487 

492 

498 

503 

508 

514 

519 

524 

529 

535 



823 


540 

545 

551 

556 

561 

566 

572 

577 

582 

587 



824 


593 

598 

603 

609 

614 

619 

624 

630 

635 

640 



825 


645 

651 

656 

661 

666 

672 

677 

6S2 

687 

693 



826 


698 

703 

709 

14 

719 

724 

730 

735 

740 

745 



827 


751 

756 

761 

7 )6 

772 

777 

782 

787 

793 

798 



828 


803 

808 

814 

819 

824 

829 

834 

840 

845 

850 



829 


855 

861 

866 

871 

876 

882 

887 

892 

897 

903 



830 


908 

913 

918 

924 

929 

934 

939 

944 

950 

955 



831 


960 

965 

971 

976 

981 

986 

991 

997 *002 *007 



832 

92 

012 

018 

023 

028 

033 

038 

044 

049 

054 

059 

1 


833 


065 

070 

075 

080 

085 

091 

096 

101 

106 

111 



834 


117 

122 

127 

132 

137 

143 

148 

153 

158 

163 



835 


169 

174 

179 

184 

189 

195 

200 

205 

210 

215 



836 


221 

226 

231 

236 

241 

247 

252 

257 

262 

267 

1 


837 


273 

278 

283 

288 

293 

298 

304 

309 

314 

319 


5 

838 


324 

330 

335 

340 

345 

350 

355 

361 

866 

371 



839 


376 

381 

387 

392 

397 

402 

407 

412 

418 

423 

1 2 

1.0 

840 


428 

433 

438 

443 

449 

454 

459 

464 

469 

474 

3 

4 

1.5 . 
2.0 

841 


480 

485 

490 

495 

500 

505 

511 

516 

521 

626 

5 

2.5 

842 


531 

536 

542 

547 

652 

657 

502 

667 

672 

678 

6 

'7 

3.0 

843 


683 

588 

593 

598 

603 

609 

614 

619 

624 

629 

t 

8 

0.0 

4.0 

844 


634 

639 

645 

650 

655 

660 

665 

670 

675 

681 

9 

4.5 

845 


686 

691 

696 

701 

706 

711 

716 

722 

727 

732 



846 


737 

742 

747 

752 

758 

763 

768 

773 

778 

783 



847 


788 

793 

799 

804 

809 

814 

819 

824 

829 

834 



848 


840 

845 

850 

855 

860 

865 

870 

875 

881 

886 



849 


891 

896 

901 

906 

911 

916 

921 

927 

932 

937 



850 


942 

947 

952 

957 

962 

967 

973 

978 

983 

988 



851 


993 

99S *003 *008 

*013 

*018 *024 *029 *034 »^39 



852 

93 

0-44 

049 

.054 

.059 

064 

Q69 

075 

080 

0.85 

.990 


^ ‘ 

853 


095 

10.0 

105 

11.0 

.116 

120 

1 ^ 

131 

136 

.141 


."..c 

854 


146 

151 

.156 

.161 

.166 

.171 

. 17.6 

. 1 . 8.1 

18.6 

192 


.V.J 

855 


197 

202 

207 

212 

217 

222 

227 

232 

'237 

24.2 



856 


247 

252 

258 

263 

268 

273 

278 

283 

288 

293 



857 


298 

303 

308 

313 

318 

323 

328 

334 

339 

344 



858 


349 

354 

359 

364 

369 

374 

379 

384 

889 

394 



859 


399 

404 

409 

414 

420 

425 

430 

435 

440 

445 



860 


450 

455 

460 

465 

470 

475 

480 

435 

490 

495 



'n' 

■■ L " 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. ' 
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LOGARITHMS OF NUMBERS 


Table 1 


Nam. 860 to 899. Log. 934 to 954. 


93 450 455 460 465 470 

500 505 510 615 520 

551 556 661 566 571 

601 606 611 616 621 

651 656 661 666 671 

702 707 712 717 722 

752 757 762 767 *^72 

802 807 812 817 822 

852 857 862 867 872 

902 907 912 917 922 

952 957 962 967 972 

94 002 007 012 017 022 

052 057 062 067 072 

101 106 111 116 121 

151 156 161 166 171 

201 206 211 216 221 

250 255 260 265 270 

300 305 310 315 320 

349 354 359 364 369 

399 404 409 414 419 


448 453 
498 603 
547 652 
696 601 
645 650 

694 699 
743 748 
792 797 
841 846 

890 895 

939 944 
988 993 
95 036 041 

085 090 
134 139 

182 187 
231 236 
279 284 
328 332 
376 381 


458 463 468 
607 612 517 
557 562 567 
606 611 616 
655 660 665 

704 709 714 

753 758 763 
802 807 812 

851 856 861 
900 905 910 

949 954 959 
998 *002 *007 
046 051 056 
095 100 105 
143 148 153 

192 197 202 
240 245 250 
289 294 299 
337 342 347 
386 390 395 

434 439 444 


! 5 

6 

7 

8 

9 

P 

. P. 

475 

480 

485 

490 

495 


626 

631 

536 

541 

646 


676 

581 

686 

691 

596 


626 

631 

636 

641 

646 


676 

682 

687 

692 

697 


727 

732 

737 

742 

747 


777 

782 

787 

792 

797 


827 

832 

837 

842 

847 


877 

882 

887 

892 

897 


927 

932 

937 

942 

947 


977 

982 

987 

992 

997 


027 

032 

037 

042 

047 


077 

082 

086 

091 

096 


126 

131 

136 

141 

146 


176 

181 

186 

191 

196 


226 

231 

236 

240 

245 


275 

280 

285 

290 

295 


325 

330 

335 

340 

345 

5 

374 

379 

384 

389 

894 


0.5 

1.0 

424 

429 

433 

438 

443 

2 

473 

478 

483 

488 

493 

3 

4 

1.5 

2.0 

522 

527 

532 

637 

542 

5 

2.5 

571 

576 

581 

586 

591 : 

6 

8.0 

3.5 

4.0 

621 

626 

630 

635 

640 

7 

8 

670 

675 

680 

685 

689 

9 

4,5 

719 

724 

729 

734 

738 


768 

773 

778 

783 

787 


817 

822 

827 

832 

836 


866 

871 

876 

880 

885 


915 

919 

924 

929 

934 


963 

968 

973 

978 

983 


*012 *017 

*022 

*027 *032 


061 

066 

071 

075 

OSO 


109 

114 

119 

124 

129 


158 

163 

168 

173 

177 


207 

211 

216 

221 

226 


255 

260 

265 

270 

274 


303 

308 

313 

318 

823 


352 

357 

361 

366 

371 


400 

405 

410 

415 

419 


448 

453 

.458 

463 

468 


5 

6 

7 

8 

9 

^ P. 

P. 
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Num. 900 to 939. Log:. 954 to 973. 


N 

J- 

0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P. 

P. 

900 

95 

424 

429 

434 

439 

414 

448 

453 

458 

463 

468 



901 


472 

477 

482 

487 

492 

497 

501 

606 

511 

516 



902 


521 

525 

530 

535 

540 i 

545 

550 

554 

559 

564 



903 


569 

574 

578 

583 

588 

593 

598 

602 

607 

612 



904 


617 

622 

626 

631 

636 

641 

646 

650 

655 

660 



905 


665 

670 

674 

679 

684 

689 

694 

698 

703 

708 



906 


713 

718 

722 

727 

732 

737 

742 

746 

751 

756 



907 


761 

766 

770 

775 

780 

785 

789 

794 

799 

804 



908 


809 

^3 

818 

823 

828 

832 

837 

842 

847 

852 



909 


856 

861 

866 

871 

875 

880 

885 

890 

895 

899 



910 


904 

909 

914 

918 

923 

928 

933 

938 

942 

947 



911 


952 

957 

961 

966 

971 

976 

980 

985 

990 

995 



912 


999 *004 *009 *014 *019 

*023 *028 

*033 

*038 

*042 



913 

96 

047 

052 

057 

061 

066 

071 

076 

080 

085 

090 



914 


095 

099 

104 

109 

114 

118 

123 

128 

133 

137 



915 


142 

147 

152 

156 

161 

166 

171 

175 

180 

185 



916 


190 

194 

199 

204 

209 

213 

218 

2-23 

227 

232 



917 


237 

242 

246 

251 

266 

261 

265 

270 

275 

280 


5 

918 


284 

289 

294 

298 

303 

308 

313 

317 

322 

327 


0.5 

1.0 

919 


332 

336 

341 

346 

850 

355 

860 

365 

369 

374 

2 

920 


379 

384 

388 

393 

398 

402 

407 

412 

417 

421 

3 

4 

1.5 

2.0 

921 


426 

431 

435 

440 

445 

450 

454 

459 

464 

468 

5 

2.5 

922 


473 

478 

483 

487 

492 

497 

501 

506 

511 

515 

6 

w 

3.0 

3.5 

4.0 

923 


520 

525 

630 

534 

539 

544 

548 

553 

658 

562 

/ 

8 

924 


567 

572 

677 

581 

586 

591 

595 

600 

605 

609 

9 

4.5 

925 


614 

619 

624 

628 

633 

638 

642 

647 

652 

656 



926 


661 

666 

670 

675 

680 ! 

685 

689 

694 

699 

703 



927 


70S 

713 

717 

722 

727 

731 

736 

741 

745 

750 



928 


755. 

759 

764 

769 

774 ' 

778 

783 

788 

792 

797 



929 


802 

*806 

811 

816 

820 

825 

830 

834 

839 

844 



930 


848 

853 

858 

862 

867 i 

872 

876 

881 

886 

890 



931 


895 

900 

904 

909 

914 1 

918 

923 

928 

932 

937 



932 


942 

946 

951 

956 

960 1 

965 

970 

974 

979 

984 



933 


988 

993 

997 *002 *007 1 

♦on *016 *021 *025 *030 



934 

97 

035 

039 

044 

049. 

053 

058 

063 

067 

072 

077 



935 


081 

086 

090 

095 

100 

104 

109 

114 

118 

123 



936 


128 

132 

137 

142 

146 

151 

155 

160 

165 

169 



937 


174 

179 

183 

188 

192 

197 

202 

206 

211 

216 



938 


220 

225 

230 

234 

239 

243 

248 

253 

257 

262 



939 


267 

271 

276 

280 

285 

290 

294 

299 

304 

308 



940 


313 

317 

322 

327 

331 

336 

340 

345 

350 

354 



N 


0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P. 

P. 
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LOGARITHMS OP NUMBERS 


Table 1 


Num. P40 to 97P. Log. P73 to PPi. 


N 

U 

0 

1 

2 

3 

4 

5 

6 

7 

a 

9 

P 

. P. 

940 

97 

313 

317 

322 

327 

331 

336 

340 

345 

350 

354 



941 


359 

364 

368 

373 

377 

382 

387 

391 

396 

400 



942 


405 

410 

414 

419 

424 

428 

433 

437 

442 

447 



943 


451 

456 

460 

465 

470 

474 

479 

483 

488 

493 



944 


497 

502 

506 

511 

516 

520 

625 

529 

534 

539 



945 


543 

548 

552 

557 

562 

566 

671 

575 

580 

585 



946 


589 

594 

598 

603 

607 

612 

617 

621 

626 

630 



947 


635 

640 

644 

649 

653 

658 

663 

607 

672 

676 



948 


681 

685 

690 

695 

699 

704 

70S 

713 

7lV 

722 



949 


727 

731 

736 

740 

745 

749 

754 

759 

763 

768 


5 

950 


772 

777 

782 

786 

791 

795 

800 

804 

809 

813 

1 

0-5 

951 


818 

823 

827 

832 

836 

841 

845 

850 

855 

859 

2 

1.0 

952 


864 

868 

873 

877 

882 

886 

891 

896 

900 

905 

3 

4 

1.5 

2J ) 

953 


909 

914 

918 

923 

928 

932 

937 

941 

946 

950 

5 

2.5 

954 


955 

959 

964 

968 

973 

978 

982 

987 

991 

996 

6 

3.0 













7 

3.5 

955 

98 

000 

005 

009 

014 

019 

023 

028 

032 

037 

041 

8 

4.0 

956 


046 

050 

055 

059 

064 

068 

073 

078 

082 

087 

9 

4.5 

957 


091 

096 

100 

105 

109 

114 

118 

123 

127 

132 



958 


137 

141 

146 

150 

155 

159 

164 

168 

173 

177 



959 


182 

186 

191 

195 

200 

204 

209 

214 

218 

223 



960 


227 

232 

236 

241 

245 

250 

254 

259 

263 

268 



961 


272 

277 

281 

286 

290 

295 

299 

304 

308 

313 



962 


318 

322 

327 

331 

336 

340 

345 

349 

354 

368 



963 


363 

S67 

372 

376 

381 

1 385 

390 

394 

399 

403 



964 


408 

412 

417 

421 

426 

' 430 

435 

439 

444 

448 



965 


453 

457 

462 

466 

471 

475 

480 

484 

489 

493 


4 

966 


498 

502 

507 

511 

616 

520 

525 

529 

634 

538 

1 

0.4 

967 


543 

547 

552 

556 

561 

565 

570 

574 

579 

683 

2 

0.8 

968 


588 

592 

597 

601 

605 

610 

614 

619 

623 

628 

3 

1.2 

T A. 

969 


632 

637 

641 

646 

650 

655 

659 

664 

668 

673 

5 

i.*Q 

2.0 

970 


677 

682 

686 

691 

695 

700 

704 

709 

713 

717 

6 

7 

2.4 

2.8 

971 


722 

726 

731 

735 

740 

744 

749 

753 

768 

762 

8 

3.2 

972 


767 

771 

776 

780 

784 

789 

793 

798 

802 

807 

9 

8.6 

973 


811 

816 

820 

825 

829 

834 

838 

843 

847 

851 



974 


856 

860 

865 

869 

874 

878 , 

883 

887 

892 

896 



975 


900 

905 

909 

914 

918 

923 

927 

932 

936 

941 



976 


945 

949 

954 

958 

963 

967 

972 

976 

981 

985 



977 


9S9 

994 

998 *003 *007 

*012 *016 *021 *025 *029 



978 

99 

034 

038 

043 

047 

052 

056 

061 

065 

069 

074 



979 


078 

083 

087 

092 

096 

100 

105 • 

109 

114 

118 



980 


123 

127 

131 

136 

140 

145 

149 

154 

158 

162 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P. 

P. 
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Num. P80 to lOOO. Log-. 9P1 to PPP. 


. N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 


P. 

P. 

P80 

99 

123 

127 

ir>i: 

136’ 

140 

145 

149 

154 

158 

162 



981 


167 

171 

176 

180 

185 

189 

193 

198 

202 

207 



'982 


211 

216 

220- 

224 

229 

233 

238 

242 

247 

251 



983 


255 

260 

264 

269 

273 

277 

282 

286 

291 

295 



984 


300 

304 

308' 

313 

317 

322 

326 

330 

335 

339 



985 


344 

348 

352 

357 

361 

366 

370 

874 

379 

383 



986 


388 

392 

396 

401 

405 

410 

414 

419 

423 

427 



987 


432 

436 

441 

445 

449 

454 

458 

463 

467 

471 



988 


476 

480 

484 

489 

493 

498 

502 

.506 

511 

515 



989 


520 

524 

528 

533 

537 

542 

646 

550 

555 

569 


4 

P90 


564 

568 

572 

577 

581 

585 

590 

594 

599 

603 

1 

0-4 

991 


607 

612 

616 

621 

625 

629 

634 

638 

642 

647 

2 

3 

0-8 

1.2 

992 


651 

656 

660 

664 

669 

673 

677 

682 

686 

691 

4 

lie 

993 


695 

699 

704' 

708 

712 

717 

721 

726 

730 

734 

5 

2-0 

994 


739 

743 

747 

752 

756 

760 

765 

769 

774 

778 

6 

7 

2.4 

2.8 

995 


782 

787 

791 

795 

800 

804 

808 

813 

817 

822 

8 

9 

3.2 

3.6 

996 


826 

830 

635 

839 

843 

848 

&52 

856 

861 

865 



997 


870 

874 

878 

883 

887 

891 

896 

900 

904 

909 



998 


913 

917 

922 

926 

930 

935 

939 

944 

948 

952 



999 


957 

961 

965 

970 

974 

978 

983 

987 

991 

996 



1000 

000 

000 

043 

087 

130 

174 

217 

260 

304 

347 

391 



N 

L 

0 

1 

2 

3 

4 

5 

6 

7 

8 

P 

P. 

P. 


Logarithms of Important Numbers. 


Number. 

XiOgaritlim. 

TT = 3.141 593 

0.497 150 

== 4.188 790 

0.622 089 

= 0.523 599 

1.718 999 

i = 0.318 310 

1.502 850 

■tr 


^2 == 9.869 604 

0.994 300 

-i; = 0.101 321 

1.005 700 



VZ = 1.772 454 

0.248 575 

i = 0-564 190 

T.751 425 

Vtt 


= 1.464 592 

0.165 717 

= 0.682 784 

1.834 283 



^ ^ ^ 1.240 701 

0.093 667 

\ w 




252 LOGABITHMJC ANGULAR FUNCTIONS Table 2 


Qo Logarithms. 179° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

j Cosine. 


0 

Inf. Neg. 

Infinite. 

Inf. Keg. 

Infinite. 

10.00000 

10.00000 

60 

1 

6.46373 

13.53627 

6.46373 

1 5.53627 

00000 

00000 

59 

2 

76476 

23524 

76476 

23524 

00000 

00000 

58 

3 

94085 

05915 

94085 

06915 

00000 

00000 

57 

4 

7.06579 

12.93421 

7,06579 

12.93421 

00000 

00000 

56 

6 

7.16270 

12.83730 

7.16270 

12.83730 

10.00000 

10.00000 

55 

6 

24188 

75812 ' 

241SS 

75812 

00000 

. OuOOO 

54 

7 

30882 

69118 

30882 

69118 

00000 

00000 

53 

8 

36682 

63318 

36682 

63318 

00000 

00000 

52 

9 

41797 

58203 

41797 

58203 

00000 

00000 

51 

10 

7.46373 

12.53627 

7.46373 

12.53627 

10.00000 

10.00000 

50 

11 

50512 

49488 

50512 

49488 

00000 

00000 

49 

12 

54291 

45709 

54291 

45709 

00000 

00000 

48 

13 

57767 

42233 

57767 

42233 

00000 

00000 

47 

14 

60985 

39015 

60986 

39014 

00000 

00000 

46 

15 

7.63982 

12.36018 

7.63982 

12.36018 

10.00000 

10.00000 

45 

16 

66784 

33216 

66785 

33215 

00000 

00000 

44 

17 

69417 

30583 

69418 

30582 

00001 

9.99999 

43 

18 

71900 

28100 

71900 

28100 

00001 

99999 

42 

19 

74248 

25752 

74248 

25752 

00001 

99999 

41 

20 

7.76475 

12.23525 

7.76476 

12.23524 

10.00001 

9.99999 

40 

21 

78694 

21406 

78595 

21405 

00001 

99999 

39 

22 

80615 

19385 

80615 

19385 

00001 

99999 

38 

23 

82545 

17455 

82546 

17454 

00001 

99999 

37 

24 

84393 

15607 

■ 84394 

15606 

00001 

99999 

36 

25 

7.86166 

12.13834 

7;36167 

12.13833 

10.00001 

9.99999 

35 

26 

87870 

12130 

.87871 

12129 

00001 

99999 

34 

27 

89509 

10491 

89510 

10490 

00001 

99999 

33 

28 

91088 

08912 

91089 

0S911 

00001 

99999 

32 

29 

92612 

07388 

. 92613 

073S7 

00002 

99998 

31 

30 

7.94084 

12.05916 

7,94086 

12.05914 

10.00002 

9.99998 

30 

81 

95508 

04492 

95510 i 

04490 

00002 

99998 

29 

32 

96887 

03113 

96889 

03111 

00002 

99998 

28 

S3 

98223 

1 01777 

98225 

01775 

00002 

99998 

27 

34 

i 99520 

i 00480 

99522 

00478 

00002 

99998 

26 

35 

' 8.00779 

11.99221 

8.00781 

11.99219 

10.00002 

9.99998 

25 

36 

02002 

97998 

02004 

97996 

00002 

99998 

24 

37 

03192 

96808 

03194 

96806 

00003 

99997 

23 

.38 

' 04350 

95650 

■ 04353 

95647 

00003 

99997 

22 

39 

■ 05478 

94522 

05481 

94519 

00003 

99997 

21 

40 

' 8.06578 

11.93422 

8.06581 

11.93419 

10.00003 

9.99997 

20 

41 

07650 

92350 

07653 

92347 

00003 

99997 

19 

42 

08696 

91304 

08700 

91300 

00003 

99997 

18 

43 

09718 

90282 

09722 

1 90278 

00003 

99997 

17 

44 

10717 

89283 

10720 

' 89280 

00004 

99996 

16 

45 

8.11693 

11.88307 

8.11696 

11.88304 

10.00004 

9.99996 

15 

46 

12647 

87353 

12651 

87349 

00004 

99996 

14 

47 

^ 13581 

86419 

13585 

86415 

00004 

99996 

13 

48 

14495 

85505 

14500 

85500 

00004 

99996 

12 

49 

15391 

• 84609 

15395 

84605 

00004 

99996 

11 

50 

8.16268 

11.83732 

8.16273 

11.83727 

10,00005 

9.99995 

10 

51 

17128 

82872 

17133 

82867 

00005 

99995 

9 

52 

17971 

82029 

17976 

82024 

00005 

99995 

8 

53 

18798 

81202 

18804 

81196 

00005 

99995 

7 

54 

19610 

80390 

19616 

80384 

00005 

99995 

6 

55 

8.20407 

11.79593 

8.20413 

11.79587 

10.00006 

9.99994 

5 

56 

21189 

78811 

21195 

78805 

00006 

99994 

4 

57 

21958 

78042 

21964 

78036 

00006 

99994 

3 

58 

22713 

77287 

22720 

77280 

00006 

99994 

2 

59 

23456 

76544 

23462 

76538 

00006 

99994 

1 

60 

24186 

75814 

24192 

75808 

00007 

99993 

0 

34. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


90° S9° 
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i° ^Logarithms. 178 ® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

1 Secant. 

Cosine. 

M. 

0 

8.24186 

11.75814 

8.24192 

11.75808 

10.00007 

9.99993 

60 

1 

24903 

75097 

24910 

75090 

00007 

99993 

59 

2 

25609 

74391 

25616 

74384 

00007 

99993 

58 

3 

26304 

73696 

26312 

73688 

00007 

99993 

57 

'4 

26988 

73012 

26996 

73004 

00008 

99992 

56 

5 

8.27661 

11.72339 

8.27669 

11.72331 

10.00008 

9.99992 

55 

6 

28324 

71676 

28332 

71668 

00008 

99992 

54 

7 

28977 

71023 

28986 

71014 

00008 

99992 

53 

8 

29621 

70379 

29629 

70371 

00008 

99992 

52 

9 

' 30255 

69745 

30263 

69737 

00009 

99991 

51 

10 

8.30879 

11.69121 

8.30888 

11.69112 

10.00009 

9.99991 

50 

11 

31495 

68505 

31505 

68495 

00009 

99991 

49 

12 

32103 

67897 

32112 

67888 

00010 

99990 

48 

13 

32702 

67298 

32711 

67289 

00010 

99990 

47 

14 

33292 

66708 

33302 

66698 

00010 

99990 

46 

15 

8.33875 

11.66125 

8.33886 

11.66114 

10.00010 

9.99990 

45 

16 

34450 

65550 

34461 

65539 

00011 

99989 

44 

17 

35018 

64982 

35029 

64971 

00011 

99989 

43 

18 

35578 

64422 

35590 

64410 

00011 

99989 

42 

19 

36131 

63869 

36143 

63857 

00011 

99989 

41 

20 

8.36678 

11.63322 

8.36689 

11.63311 

10.00012 

9.99988 

40 

21 

37217 

62783 

37229 

62771 

00012 

99988 

39 

22 

37750 

62250 

37762 

62238 

00012 

99988 

38 

23 

38276 

61724 

38289 

61711 

00013 

99987 

37 

24 

38796 

61204 

38809 

61191 

00013 

99987 

36 

25 

8.39310 

11.60690 

8.39323 

11,60677 

10.00013 

9.99987 

35 

26 

39818 

60182 

39832 

60168 

00014 

99986 

34 

27 

40320 

59680 

40334 

59666 

00014 

99986 

33 

28 

40816 

59184 

40830 

59170 

00014 

99986 

32 

29 

41307 

58693 

41321 

58679 

00015 

99985 

31 

30 

8.41792 

11.58208 

8.41807 

11.58193 

10.00015 

9.99985 

30 

31 

42272 

57728 

42287 

57713 

00015 

99985 

29 

32 

42746 

57254 

42762 

67238 

00016 

99984 

28 

33 

43216 

56784 

43232 

66768 

00016 

99984 

27 

34 

43680 

56320 

43696 

66304 

00016 

99984 

26 

35 

8.44139 

11.55861 

8.44156 

11.55844 

10.00017 

9.99983 

25 

36 

44594 

55406 

44611 

55389 

00017 

99983 

24 

37 

45044 

54956 

45061 

54939 

00017 

99983 

23 

38 

45489 

54511 

45507 

64493 

00018 

99982 

22 

39 

45930 

54070 

45948 

54052 

00018 

99982 

21 

40 

8.46366 

11.53634 

8-46385 

11.53615 

10.00018 

9.99982 

20 

41 

46799 

53201 

46817 

53183 

00019 

99981 

19 

42 

47226 

52774 

47245 

52755 

00019 

99981 

18 

43 

47650 

62350 

47669 

62331 

00019 

99981 

17 

44 

48069 

51931 

48089 

51911 

00020 

99980 

16 

45 

8.48485 

11.51515 

8.48505 

11.51495 

10.00020 

9.99980 

15 

46 

48896 

51104 

48917 

51083 

00021 

99979 

14 

47 

49304 

60696 

49326 

1 60675 

00021 

99979 

13 

48 

’ 49708 

50292 

49729 

50271 

00021 

99979 

12 

49 

5010$ 

t ' 49892 

50130 

49870 

00022 

99978 

11 

60 

1 8.50504 

li:49496 

8-50527 

11.49473 

10.00022 

9.99978 

10 

51 

50897 

49103 

50920 

49080 

^ 00023 

99977 

9 

52 

51287 

48713 

51310 

48690 

00023 

99977 

S 

63 

51673 

48327 

51696 

48304 

00023 

99977 

7 

54 

52055 

47945 

52079 

47921 

00024 

99976 

6 

55 

8.52434 

11.47566 

8.52459 

11.47541 

10.00024 

9.99976 

5 

56 

52810 

47190 

52835 

47165 

"00025 

99975 

4 

57 

53183 

46817 

53208 

46792 

00025 

99975 

3 

58 

53552 

46448 

53578 

46422 

00026 

99974 

2 

59 

53919 

46081 

63945 

46055 

00026 

99974 

1 

60 

54282 

45718 

64308 

45692 

00026 

99974 

0 

M. 

Cosin©. 

Secant. 

Cotangent. 

, Tangtent. 

Cosecant. 

Sine. 

M. 


89 ® 
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2 ® Logarithms. ^ I770 


M. 

{ Sine. 

1 Cosecant. 

i j Tani^eiit. 

Cotangent 

J Secant. 

Cosine. 

M. 

0 

8.54282 

11.45718 

j i 8.54308 

11.45692 

10.00026 

9.99974 

60 

1 

54642 

45358 

1 f 54669 

45331 

00027 

99973 

59 

2 

54999 

45001 

1 ; 65027 

44973 

00027 

99973 

68 

3 

55354 

44646 

! 55382 

44618 

00028 

99972 

57 

4 

55705 

44295 

i 1 55734 

44266 

00028 

99972 

56 

5 

8.56054 

11.43946 

! 1 8.56083' 

11.43917 

10.00029 

9.99971 

55 

6 

56400 

43600 

: I 56429 

43571 

00029 

99971 

54 

7 

66743 

43267 

1 56773 

43227 

00030 

99970 

63 

8 

57084 

42916 

1 ! 57114 

42886 

00030 

99970 

62 

9 

57421 

42579 

57452 

42548 

00031 

99969 

51 

10 

8.57757 

11.42243 

i 8.57788* 

11.42212 

10.00031 

9.99969 

50 

11 

58089 

41911 

i 58121 

41879 

00032 

99968 

49 

12 

58419 

41581 

58451 

41549 

00032 

99968 

48 

13 

58747 

41253 

58779 

41221 

00033 

99967 

47 

14 

59072 

40928 

59105 

40895 

00033 

99967 

46 

15 

8.59395 

11.40605 

8.59428 

11.40572 

10.00033 

9.99967 

45 

16 

59715 

40285 

59749 

40251 

00034 

99966 

44 

17 

60033 

39967 

60068 

39932 

00034 

99966 

43 

18 

60349 

39651 

60384 

39616 

00035 

99965 

42 

19 

60662 

3933S 

60698 

39302 

00036 

99964 

41 

20 

8.60973 

11.39027 

8.61009, 

11.38991 

10.00036 

9.99964 

40 

21 

61282 

38718 

61319 

38681 

00037 

99963 

39 

22 

61689 

SS411 

61626 

38374 

00037 

99963 

38 

23 

61894 

38306 

61931 

38069 

00038 

99962 

37 

24 

62196 

37804 

62234 

37766 

00038 

99962 

36 

25 

8.62497 

11.37503 

8.62535 

11-37465 

10.00039 

9.99961 

35 

26 

62795 

37205 

62834 

37166 

00039 

99961 

84 

27 

63091 

* * 36909 

63131 

36869 

00040 

99960 

33 

28 

63885 

36615 

63426 

36674 

00040 

99960 

32 

29 

63678 

36322 

68718 

36282 

00041 

99959 

31 

30 

8.63968 

* ll.;i6032 

8.64009 

11.35991 

10,00041 

9.99959 

30 

31 

64256 

- 35744 

64298 

36702 

00042 

99958 i 

29 

32 

64543 

; 35457 

C4585 

35415 

00042 

99958 

28 

S3 

64827 

: 35173 

64870 

35130 

00043 

99957 

27 

34 

65110 

34890 

65154 

34846 

00044 

99956 

26 

35 

8.65391 

11.34609 

8-65435' 

11.34565 

10.00044 

9.99956 

25 

36 

65670 

, 34330 

65715 

34285 

00045 

99955 

24 

37 

65947 

34053 

65993 

34007 

00045 

99955 

23 

38 

66223 

33777 

66269 

33731 

00046 

99954 

22 

39 

66497 

33503 

66543 

33457 

00046 

99954 

21 

40 

8.66769 

11.33231 

8.66816 

11.33184 

10.00047 

9.99963 

20 

41 

67039 

32961 

67087 

32913 

00048 

99952 

19 

42 

67308 

32692 

67356 

32644 

00048 

99952 

18 

43 

67575 

82425 

67624 

32376 

00049 

99951 

17 

44 

67S41 

32159 

67890 

32110 

1 00049 

99951 

16 

45 

8.68104 

11.31896 

8.68154 

11.31846 

10.00050 

9.99950 

15, 

46 

68367 

31633 

68417 

31583 

00051 

99949 

14 

47 

68627 

31373 

68678 

31322 

00051 

99949 

13 

48. 

68886 

■ -Sill 4 

68938 

31062 

00052 

99948 

12 

49.. 

: 69144 

' 30856 

■ 69196 

• 30804 

00052 

99948 

11. 

5D. 

8.69400- 

11.30600 

8;69453 

11.'30547 

10.00053 

9.99947: 

lO'.’ 

51 

69654 

30346 

69708" 

30292 

OOOBi 

.99946 

9 . 

52 

69907 

30093 

69962 

‘30038 

•00054 

• 99946 

8 

53 

70159 

29841 

70214 

29786 

00055 

999^5 

7 

54 

70409 

29591 

70465 

29535 

00056 

99944 

6 

55 

8.70658 

11.29342 

8.70714 

11.29286 

10,00056 

9.99944 

5 

56 

70905 

29095 

70962 

29038 

00057 

99943 

4 

57 

71151 

28849 

71208 

28792 

00058 

99942 

3 

58 

71395 

28605 

71453 

28547 

00058 

99942 

2 

59 

71638 

28362 

71697 

28303 

00059 

99941 

1 

60 

71880 

28120 

71940 

28060 

00060 

99940 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent.. 

Oosecant. 

Sine. 

m: 
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3 ° Logarithms. 176“ 


M. 

Sine. 

Cosecant. ! 



* Secant. 

Cosine. 

M. 

0 

8.71880 

11.28120 

8.71940 

11.28060 

10.00060 

9 99940 

60 

1 

72120 

27880 

72181 

27819 

00060 

99940 

59 

2 

72359 

27641 

72420 

27580 

00061 

99939 

58 

3 

72597 

27403 

72659 

27341 

00062 

9993S 

57 

4 

72834 

271G6 

72896 

27104 

00062 

99938 

56 

5 

8.73069 

11.26931 

8-73132 

11.26868 

i 10.00063 

9.99937 

55 

6 

73303 

26697 

73366 

26634 

1 00064 

99936 

54 

7 

73535 

26465 

73600 

26100 

! 00064 

99936 

53 

8 

73767 

26233 

73832 

261 68 

00065 

99935 

52 

9 

73997 

26003 

740G3 

25937 

00066 

99934 

51 

10 

8.74226 

11.25774 

8.74292 

11.25708 

10.00066 

9.99934 

50 

11 

74454 

25546 

74521 

25479 

00067 

99933 

49 

12 

74680 

25320 

74748 

25-252 

00068 

99932 

48 

13 

74906 

25094 

74974 

2.5026 

00068 

99932 

47 

14 

75130 

24870 

75199 

24801 

00069 

99931 

46 

15 

8.76353 

11.24647 

8.75423 

11.24577 

10.00070 

9.99930 

45 

16 

75575 

24425 

75645 

24355 

00071 

99929 

44 

17 

75795 

24205 

75867 

24133 

00071 

99929 

43 

18 

76015 

23985 

7()087 

23913 

00072 

99928 

42 

19 

76234 

23766 

76306 

23694 

00073 

99927 

41 

20 

8 76451 

11.23549 

8.76525 

11.23475 

10.00074 

9.99926 

40 

21 

76667 

23333 

76742 1 

2325S 

00074 

99926 

39 

22 

76883 

23117 

76958 

23042 

00075 

99925 

38 

23 

77097 

22903 

77173 

22827 

C0076 

99924 

37 

24 

77310 

22090 

77387 

22613 

00077 

99923 

36 

25 

8 77522 

11.22478 

8.77600 

11.22400 

10.00077 

9.99923 

35 

26 

77733 

22267 

77811 

22189 

00078 

99922 

34 

27 

77943 

22057 

78022 

. 21978 

00079 

99921 

33 

28 

78152 

21848 

78232 

21768 

OOOSO 

99920 

32 

29 

78360 

21640 

78441 

21559 

OOOSO 

99920 

31 

30 

8.78568 

11.21432 

8.78649 

11.213.51 

10.00081 

9.99919 

30 

81 

78774 

21226 

78855 

21145 

00082 

99918 

29 

32 

78979 

21021 

790f)l 

20939 

00083 

99917 

28 

33 

79183 

20817 

79266 

20734 

00083 

99917 

.27 

34 

79386 

20614 

79470 

20530 

000B4 

99916 

26 

35 

8.79588 

11.20412 

8.79673 

11.20327 

10.00085 

9.99915 

25 

36 

79789 

20211 

79875 

20125 

00086 

99914 

24 

37 

79990 

20010 

80076 

19924 

00087 

99913 

23 

38 

80189 

19811 

80277 

19723 

00087 

99913 

22. 

39 

80388 

19612 

80476 

19524 

00088 

99912 

21 

40 

8.80585 

11.19415 

8.80674 

11.19326 

10.00089 

9.99911 

20 

41 

80782 

19218 

80872 

19128 

00090 

99910 

19 

42 

80978 

19022 

81068 

18932 

00091 

99909 

18 

43 

81173 

18827 

81264 

18736 

00091 

99909 

17 

44 

81367 

18633 

81459 

18541 

00092 

99908 

16 

45 

8.81560 

11.18440 

8.81653 

11.18347 

10.00093 

9.99907 

15 

46 

81752 

1S24S 

81846 

18164 

00094 

99906 

14 

47 

81944 

18056 

82038 

17962 

00095 

99905 

13. 

48' 

82134 

17-866 

■ 82230 

• 17770 

00096 

99904 

12-. 

49 

82334 

. 17676 

82420 

17580 

- .00096 

99904 

11 •: 

60- 

8-82513 . 

11:17487 

8.82610 

11.17390 

10.00097 

9.99903. 

10'; 

5t" 

■ 82701- 

17299 

’ 82799' 

17201 

■0009S 

'99902- 

9 

52 

82888 

17112 

82987 

17013 

O0O99 

99901 

8' 

53 

• 83075 

16925 

83175 

168*25 

00100 

99900 

7- 

54 

83261 

16739 

83361 

16639 

00101 

99899 

6 

55 

8.a3446 

11.16554 

8.83547 

11-16453 

10.00102 

9.99898 

5 

56 

83630 

16370 

83732 

16268 

00102 

99898 

4 

57 

83813 

16187 

83916 

16084 

00103 

99897 

3 

68 

83996 

16004 

84100 

16900 

00104 

99896 

2 

59 

84177 

15823 

84282 

1571S 

00105 

99895 

1 

60 

84358 

15642 

84464 

15536 

00106 

99894 

0 


Coeii:ie. 

Secant. 

Cotangent. 

Tangent. 

Coaecant. 

Sine. 

K.' ' 


’ ' S6“c; 



256 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


4® Lograrithms. 175'^ 


M- 

Sine. 

j Cosecant, 

Tangent. 

Cotangent 

. ! Secant. 

Cosine. 

M. 

0 

8.84358 

11.15642 

8.84464 

11.15536 

10.00106 

9.99894 

60 

1 

84539 

15461 

84646 

15354 

00107 

99893 

59 

2 

84718 

15282 

84826 

15174 

00108 

99892 

58 

3 

84897 

15103 

85006 

14994 

00109 

99891 

57 

4 

85075 

14925 

85185 

14815 

00109 

99891 

56 

5 

8.85252 

11.14748 

8.8536*3 

11.14637 

10.00110 

9.99890 

55 

6 

85429 

14571 

85540 

14460 

00111 

99889 

54 

7 

85605 

14395 

85717 

14283 

00112 

99888 

53 

8 

85780 

14220 

85893 

14107 

00113 

99887 

52 

9 

85955 

14045 

86069 

13931 

00114 

99886 

51 

10 

8.86128 

11.13872 

8.86243 

11.13757 

10.00115 

9.99885 

50 

11 

86301 

13699 

86417 

13583 

00116 

99884 

49 

12 

86474 

13526 

86591 

13409 

00117 

- 99883 

43 

13 

86645 

13355 

86763 

13237 

00118 

99882 

47 

14 

86816 

13184 

86935 

13065 

00119 

99881 

46 

15 

8.86987 

11.13013 

8.87106 

11.12894 

10.00120 

9.99880 

45 

16 

87156 

1*2844 

87*277 

12723 

00121 

99879 

44 

17 

873*25 

1*2675 

87417 

12553 

00121 

99879 

43 

18 

87494 

12506 

87616 

12384 

00122 

99878 

42 

19 

87661 

12339 

87785 

12215 

00123 

99877 

41 

20 

8.87829 

11.12171 

8.87953 

11.12047 

10.00124 

9.99876 

40 

21 

87995 

12005 

881*20 

11880 

00125 

99875 

39 

22 

88161 

11839 

88287 

11713 

00126 

99874 

38 

23 

88326 

11674 

88453 

11547 

00127 

99873 

37 

24 

88490 

11510 

88618 

11382 

00128 

99872 

36 

25 

8,88654 

11.11346 

8.88783 

11.11217 

10.00129 

9-99871 

85 

26 

88817 

1118*3 

88948 

11052 

00130 

99870 

84 

27 

88980 

11020 

89111 

10889 

00131 

99869 

33 

28 

89142 

10858 

89274 

10726 

00132 

99868 

32 

29 

89304 

10696 

89437 

10563 

00133 

99867 

31 

30 

8.89464 

11.10536 

8.89598 

11.10402 

10.00134 

9.99866 

30 

31 

89625 

10375 

89760 

10240 

00135 

99865 

29 

32 

89784 

10216 

89920 

10080 

00136 

99864 

28 

33 

89943 

10057 

90080 

09920 

00137 

99863 

27 

34 

90102 

09898 

90240 

09760 

00138 

99862 

26 

35 

8.90260 

11.09740 

8.90399 

11.09601 

10.00139 

9.99861 

25 

36 

90417 

09583 

90557 

09443 

00140 

99860 

24 

37 

90674 

09426 

90715 

09285 

00141 

99859 

23 

38 

90730 

09270 

90872 

09128 

00142 

99858 

22 

39 

90885 

09115 

91029 

08971 

00143 

99857 

21 

40 

8.91040 

11.08960 

8.91185 

11.08815 

10.00144 

9.99856 

20 

41 

91195 

08805 

91340 

08660 

00145 

99855 

19 

42 

91349 

08651 

91495 

08505 

00146 

99854 

18 

43 

91502 

08498 

91650 

08350 

00147 

99853 

17 

44 

91655 

08345 

91803 

08197 

00148 

99852 

16 

45 

8-91807 

11.08193 

8.91957 

11,08043 

10.00149 

9.99851 

15 

46 

91959 

08041 

i 92110 

07890 

00150 

99850 

14 

47 

92110 

07890 

92262 

07738 

00152 

99848 

13 

48 

92261 

07739 

92414 

07586 

00153 

99847 

12 

49 

92411 

07689 

92565 

07435 

00154 

99846 

11 

50 

8.92561 

11.07439 

8.92716 

11.07284 

10.00155 

9.99846 

10 

-51 

92710 

07290 

92866 

07134 

00156 

99844 

9 

52 

92859 

07141 

93016 

06984 

00157 

99843 

8 

53 

93007 

06993 

93165 

06835 

00158 

99842 

7 

54 

93154 

06846 

93313 

06687 

00159 

90841 

6 

55 

8.93301 

11.06699 

8.93462 

11.06538 

10.00160 

9.99840 

5 

66 

93448 

06552 

93609 

06391 

00161 

99839 

4 

57 

93594 

06406 

93756 

06244 

00162 

99838 

3 

58 

93740 

06260 

93903 

06097 

00163 

99837 

2 

69 

93886 

06115 

94049 

05951 

00164 

99836 

1 

60 

94030 

05970 

94X95 

05805 

00166 

99834 

0 

2a:. 

, Cosine, 

Secajatf. 

Coteugent. 

Tangent, 

Cpse^cant. 

Sicf^e. 

mT 




«>4® 


Table 2 LOGARITHMIC ANGULAR FUNCTIONS 257 


5 ° L.os:arithms. 174® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine- 

M. 

0 

8.94030 

11.05970 

8.94195 

11.05805 

10.00166 

9.99834 

60 

1 

94174 

05826 

94340 

05660 

00167 

99833 

59 

2 

94317 

05683 

94485 

05515 

00168 

99832 

58 

3 

94461 

05539 

94630 

05370 

00169 

99831 

57 

4 

94603 

05397 

94773 

05227 

00170 

99830 

56 

5 

8.94746 

11.05254 

8.94917 

11.05083 

10.00171 

9.99829 

55 

6 

94887 

05113 

95060 

04940 

00172 

99828 

54 

7 

95029 

04971 

95202 

04798 

00173 

99827 

63 

8 

95170 

04830 

95344 

04656 

00175 

99825 

52 

9 

95310 

04690 

95486 

04514 

00176 

99824 

51 

10 

8.95450 

11.04550 

8.95627 

11.04373 

10.00177 

9.99823 

50 

11 

95589 

04411 

95767 

04233 

00178 

99822 

49 

12 

95728 

04272 

95908 

04092 

00179 

99821 

48 

13 

95867 

04133 

96047 

03953 

00180 

99820 

47 

34 

96005 

03995 

96187 

03813 

00181 

99819 

46 

15 

8.96143 

11.03857 

8.96325 

11.03675 

10.00183 

9.99817 

45 

16 

96280 

03720 

96464 

03536 

00184 

99816 

44 

17 

96417 

03583 

96602 

03398 

00185 

99815 

43 

18 

96553 

03447 

96739 

03261 

00186 

99814 

42 

19 

96689 

03311 

96877 

03123 

00187 

99813 

41 

20 

8.96825 

11.03175 

8.97013 

11,02987 

10.00188 

9.99812 

40 

21 

96960 

03040 

97150 

02850 

00190 

99810 

39 

22 

97095 

02905 

97285 

02715 

00191 

99809 

38 

23 

97229 

02771 

97421 

02579 

00192 

99808 

37 

24 

97363 

02637 

97556 

02444 

00193 

99807 

36 

25 

8.97496 i 

11.02504 

8.97691 

11.02309 

10.00194 

9.99806 

35 

26 

97629 

02371 

97825 

02175 

00196 

99804 

84 

27 

97762 

02238 

97959 

02041 

00197 

99803 

33 

28 

97894 

02106 

98092 

01908 

00198 

99802 

32 

29 

98026 

01974 

98225 

01775 

00199 

9 801 

31 

SO 

8.98157 

11.01843 

8.98358 

11.01642 

10.00200 

9.99800 

30 

81 

98288 

01712 

98490 

01510 

00202 

99798 

29 

32 

98419 

01581 

98622 

01378 

00203 

99797 

28 

33 

98549 

01451 

98753 

01247 

00204 

99796 

27 

34 

98679 

01321 

98884 

01116 

00205 

99795 

26 

35 

8-98808 

11.01192 

8.99015 

11.00985 

10.00207 

9.99793 

25 

36 

98937 

01063 

99145 

00855 

00208 

99792 

24 

37 

99066 

00934 

99275 

00725 

00209 

99791 

23 

38 

99194 

00806 

99405 

00595 

00210 

99790 

22 

39 

99322 

00678 

99534 

00466 

00212 

99788 

21 

40 

8.99450 

11.00550 

8.99662 

11.00338 

10.00213 

9.99787 

20 

41 

99577 

00423 

99791 

00209 

00214 

99786 

19 

42 

99704 

00296 

99919 

00081 

00215 

99785 

18 

43 

99830 

00170 

9.00046 

10.99954 

00217 

99783 

17 

44 

99956 

00044 

00174 

. 99826 

00218 

99782 

16 

45 

9.00082 

10.99918 

9.00301 

10.99699 

10.00219 

9.99781 

15 

46 

00207 

99793 

00427 

99573 

00220 

99780 

14 

47 

00332 

99668 

00553 

99447 

00222 

99778 

13 

48 

00456 

99544 

00679 

99321 

00223 

99777 

12 

49 

00581 

99419 

00805 

99195 

00224 

99776 

11 

50 

9.00704 

10.99296 

9.00930 

10.99070 

10.00225 

9.99775 

10 

61 

00828 

99172 

01055 

98945 

00227 

99773 

9 

62 

00951 

99049 

01179 

98821 

00228 

99772 

8 

63 

01074 

98926 

01303 

98697 1 

00229 

99771 

7 

64 

01196 

98804 

01427 

98573 

00231 

99769 

6 

65 

9.01318 

10.98682 

9.01550 

10.98450 

10,00232 

9.99768 

5 

66 

01440 

98560 

01673 

98327 

00233 

99767 

4 

67 

01561 

98439 

01796 

98204 1 

00235 

99765 

3 

68 

01682 

98318 

01918 

98082 

00236 

99764 

2 

69 

01803 

98197 

02040 

97960 1 

00237 

99763 

1 

60 

01923 

98077 

02162 

97838 ; 

00239 

99761 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


84 ®- 




258 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


6 ° 


Loj^arithms. 


1730 


3r. > 

c 

] 


10 
31 
3l> 
1:J 
] 1 
ir> 
16 

17 

18 

19 

20 
21 
22 


M. 

96° 


S’rr-. 

t Cr-oc.-int. 

11 

I Crs+n " t. 

!t 

1 Coof n e. 

• M. 

i- « = 

i'''.'.*''*. 77 

V ^ 

J 



60 

1 . *. ■.■ > 

<iT<- 

1 : ; 2 '':i 

l'", , -■ 7 

! j 

'J.'V'WJ 

59 

f ' :i: > 

iiT'. 

c .. 

■.■75.'i 

-■L'-ii 

0i>7>;> 

58 

>- j 

< r:'. ■ 


*■ . : . 0 


O-.*" 57 

57 

C'ii.-.'. 


i-> 

‘.■V. 

' i ! 

‘. 1975 . ; 

5»> 


1.'.‘'7 1- ' 

9.'27 

I.'i.v7:_’.’ i 


l'.'.''.'75r> 

on 


97341 


ii 1 1 ■> 

• 17 

l':'753 

54 

L'lTrtT 

V'72 

•j->. > 

\r ' 

I ■ 


53 

1 ; 



9'‘i'*7'I 

, J;_i 

1‘!>75L 

52 

1 

i-Vij 



1 -.'-j: : 

‘.‘i'T i j 

51 






9.iV.'7l8 

50 

O'yJJ-- 

1 

OO.ST.- 


■ i 

<•‘•747 

49 

0 :l.^ ;2 

: 06<;;:4 

1 , 1 ; i ,.;7 


l' .'2 )5 

90745 

18 

0 .'! ;""i 

^ 1 :“ 

i':;71 : 


1 

*097 11 

■17 


'.=•) 5; ■> 




‘.,'974.? 

■16 

v. 

10 . v**;:;: .) 


}~.2 


9.9-.»74 1. 

45 

03805 

,, 96195 

04065 

95935 

00260 

99740 

44 

03920 

96080 

04181 

95819 

00262 

99738 

43 

04034 

95966 

04297 

95703 

00263 

99737 

42 

04149 

95851 

04413 

95587 

00264 

99736 

41 

9*04262 

10.95738 

9.04528 

10.95472 

10.00266 

9.99734 

40 

04376 

95624 

04013 

95357 

00267 

99733 

89 

04490 

95510 

04758 

95242 

00269 

99731 

38 

04603 

95397 

04873 

95127 

00270 

99730 

3T 

04715 

95285 

04987 

95013 

00272 

99728 

36 

9.04828 

10.95172 

^.oaioi 

10.94899 

10,00273 

9.99727 

35 

04940 

95060 

05214 

94786 

00274 

99726 

34 

05052 

94948 

05328 

94672 

00270 

99724 

33 

05164 

94836 

05441 

94559 

00277 

99723 

32 

05275 

94725 

05553 

94447 

00279 

99721 

31 

9.05386 

10.94614 

9.05666 

10.94334 

10.00280 

9.99720 

SO 

05497 

94503 

05778 

94222 

00282 

99718 

29 

05607 

94393 

05890 

94110 

00283 1 

99717 

28 

05717 

94283 

06002 

93998 

00284 

99716 

27 

05827 

94173 

06113 

93887 

00286 

99714 

26 

9.05937 

10-94063 

9.06224 

10.93776 

10.00287 

9.997,13 

25 

06046 

93954 

06335 

93665 

00239 

99711 

24 

06155 

93845 

06445 

93555 

00290 

99710 

23 

06264 

93736 

06556 

93444 

00292 

99708 

22 

06372 

93628 

06666 

93334 

00293 

99707 

21 

9*06481 

10.93519 

9.06775 

10.93225 

10.00295 

9.99705 

20 

06589 

93411 

06885 

93115 

00296 

99704 

19 

06696 

93304 

06994 

93006 

00298 

' 99702 

18 

06804 

93196 

07103 ; 

92897 

00299 

99701 

17 

06911 

93089 

07211 

92789 

00301 

99699 

16 

9.07018 

10.92982 

9.07320 

10.92680 

10.00302 

9,99698 

15 

07124 

' 92876 

07428 

92572 

00304 

99696 

14 

07231 

92769 

07536 

92464 

00305 

99695 

13 

07337 

92663 

07643 

92357 

00307 

99693 

12 

07442 

92558 

07751 

92249 

00308 

99692 

11 

9.07548 

10.92452 

9.07858 

10.92142 

10.00310 

9.99690 

10 

07653 

92347 

07964 

92036 

00311 

99689 

9 

07758 

92242 

0S071 

91929 

00313 

99687 

8 

07863 

92137 

08177 

91823 

00314 

99686 

7 

07968 

92032 

08283 

91717 

00316 

99684 

6 

9.08072 

10.91928 

9.08389 

10.91611 

10.00317 

9.99683 

5 

08176 

91824 

08495 

91505 

00319 

99681 

4 

08280 

91720 

- 08600 

91400 

00320 

99680 

3 

08383 

91617 

08705 

91295 

00322 

99678 

2 

08486 

91514 

08810 

91190 

00323 

99677 

1 

08589 

91411 

08914 

91086 

00325 

99675 

0 

Cosine. 

Secant. 

Cotangent. 

Tangent, 

Cosecant. 

Sine. 

M. 


H30 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 259 


7° Logarithms. , 172^ 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.08589 

10.91411 

9.08914 

10.91086 

10.00325 

9.99675 

60 

1 

08692 

91308 

09019 

90981 

00326 

99674 

69 

2 

08795 

91205 

09123 

90877 

00328 

99672 

58 

3 

08897 

91103 

09227 

90773 

00330 

99670 

57 

4 

08999 

91001 

09330 

90670 

00331 

99669 

56 

5 

9.09101 

10.90899 

9.09434 

10.90566 

10.00333 

9.99667 

6o 

6 

09202 

90798 

09537 

90463 

00334 

996G6 

54 

7 

093r4 

90696 

09640 

90360 

00336 

99664 

53 

8 

09405 

90595 

09742 

90258 

00337 

99663 

52 

9 

09506 

90494 

09845 

90155 

003:39 

99661 

51 

10 

9.09606 

10.90394 

9.09947 

10.90053 

10.00341 

9.99659 

50 

11 

09707 

90293 

10049 

89951 

00342 

99658 

49 

12 

09807 

90193 

10150 

89850 

00344 

99656 

48 

13 

09907 

90093 

10252 

89748 

00345 

99655 

47 

14 

10006 

89994 

10353 

89647 

00347 

99653 

46 

15 

9.10106 

10.89894 

9.10454 

10.89546 

10.00349 

9.99651 

45 

16 

10205 

89795 

10555 

89445 

00350 

99650 

44 

17 

10304 

89696 

10656 

89344 

00352 

99648 

43 

18 

10402 

89598 

10756 

89244 

00353 

99647 

42 

19 

10501 

89499 

10856 

89144 

00355 

99645 

41 

20 

9.10599 

10.89401 

9.10956 

10.89044 

10.00357 

9.99643 

40 

21 

10697 

89303 

11056 

88944 

00358 

99642 

39 

22 

10795 

89205 

11155 

88845 

00360 

99640 

38 

23 

10893 

89107 

11254 

88746 

00362 

99638 

37 

24 

10990 

89010 

11353 

88647 

00363 

99637 

36 

25 

9.11087 

10.88913 

9.11452 

10.88548 

10.00365 

9.99635 

35 

26 

11184 

88816 

11551 

88449 

003G7 

99633 

34 

27 

11281 

88719 

11649 

88351 

00368 

99632 

38 

28 

11377 

88623 

11747 

88253 

00370 

99630 

32 

29 

11474 

88526 

11845 

88155 

00371 

99629 

31 

80 

9.11570 

10.88430 

9-11943 

10.88057 

10-00373 

9.99627 

30 

31 

11666 

88334 

12040 

87960 

00375 

99625 

29 

82 

11761 

88239 

12138 

87862 

00376 

99624 

28 

83 

11857 

88143 

12235 

87765 

00378 

996*22 

27 

84 

11952 

88048 

12332 

87668 

00380 

99620 

26 

85 

9.12047 

10.87953 

9.12428 

; 10.87572 

10.0038*2 

9.99618 

25 

36 

12142 

87858 

12525 

87475 

00*383 

99617 

24 

87 

12286 

87764 

12621 

' 87379 

00385 

99615 

23 

38 

12331 

87669 

12717 

87*283 

00387 

99613 

22 

39 

12425 

87575 

12813 

87187 

00383 

99612 

21 

40 

9.12519 

10.87481 

9-12909 

10.87091 

10.00390 

9.99610 

20 

41 

12612 

87388 

13004 

86996 

00392 

99608 

19 

42 

12706 

87294 

13099 

86901 

00393 

99607 

18 

43 

12799 

87201 

13194 

86806 

00395 

99605 

17 

44 

12892 

87108 

13289 

86711 

00397 

99603 

16 

45 

9.12985 

10.87015 

9.13384 

10.86616 

10.00399 

9.99601 

15 

46 

13078 

86922 

13478 

86522 

00400 

99600 

14 

47 

13171 

86829 

13573 

86427 

00402 

99598 

13 

48 

13263 

86737 

13667 

86333 

00404 

99596 

12 

49 

13355 

86645 

13761 

862:39 

00405 

99595 

11 

50 

9.13447 

10-86553 

9.13854 

10.86146 

10.00407 

9-99593 

10 

51 

13539 

86461 

1394S 

8605*2 

00409 

99591 

9 

52 

13630 

86370 

14041 

85959 

00411 

99589 

8 

53 

13722 

86278 

14134 

85866 

00412 

99588 

7 

54 

13813 

86187 

14227 

85773 

00414 

99586 

6 

55 

9.13904 

10.86096 

9.14320 

10.85680 

10.00416 

9.99584 

5 

56 

13994 

86006 

14412 

85588 

00418 

99582 

4 

57 

14085 

86915 

14504 

85496 

00419 

995S1 

3 

68 

14175 

85825 

14597 

8540:3 

00421 

99579 

2 

59 

14266 

85734 

14&S8 

85312 

0042:3 

99577 

1 

60 

14356 

86644 

14780 

85*220 

00425 

99575 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M.' 


97 ® 


82 ° 



260 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


S® Logarithms. 171® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent 

. j Secant. 

Cosine. 

3VI. 

0 

9,14356 

10.a5644 

9.14780 

10.85220 

10.00425 

9.99575 

60 

1 

14445 

85555 

14872 

85128 

00426 

99574 

59 

2 

14535 

85465 

14963 

85037 

00428 

99572 

58 

3 

14624 

85376 

15054 

84946 

00430 

99570 

57 

4 

14714 

85286 

15145 

84855 

00432 

99568 

56 

5 

9.14803 

10.85197 

9.15236 

10.84764 

10.00434 

9.99566 

55 

6 

14891 

85109 

15327 

84673 

00435 

99565 

54 

7 

14980 

85020 

15417 

84583 

00437 

99563 

53 

S 

15069 

84931 

15508 

84492 

00439 

99561 

52 

9 

15157 

84843 

15598 

84402 

00441 

99559 

51 

10 

9.15245 

10.84755 

9.15688 

10.84312 

10.00443 

9.99557 

50 

11 

15333 

84667 

15777 

84223 

00444 

99556 

49 

12 

15421 

84579 

15867 

84133 

00446 

99554 

48 

13 

15508 

84492 

15956 

84044 

00448 

99552 

47 

14 

15596 

84404 

16046 

83954 

00450 

99550 

46 

15 

9.15683 

10.84317 

9.16135 

10.83865 

10.00452 

9.99543 

45 

16 

15770 

84230 

16-224 

83776 

00454 

99546 

44 

17 

15857 

84143 

16312 

83688 

00455 

99545 

43 

18 

15944 

84056 

16401 

83599 

00457 

99543 

42 

19 

16030 

83970 

16489 

83511 

00459 

99541 

41 

20 

9.16116 

10.83884 

9.16577 

10.83423 

10.00461 

9.99539 

40 

21 

16203 

83797 

16665 

83335 

00463 

99537 

39 

22 

16289 

83711 

16753 

83247 

00465 

99535 

38 

23 

16374 

836-26 

16841 

83159 

00467 

99533 

37 

24 

16460 

83540 

169-28 

83072 

00468 

99532 

36 

25 

9.16545 

10.83455 

9.17016 

10.82984 

10.00470 

9.99530 

35 

26 

16631 

83369 

17103 

82897 

00472 

99528 

84 

27 

16716 

83284 

1 17190 

82810 

00474 

99526 

33 

28 

16801 

83199 

17277 

82723 

00476 

99524 

32 

29 

16886 

8:3114 

17363 

82637 

00478 

99522 

31 

30 

9.16970 

10.830:}0 

9.17450 

10.8*2550 

10.00480 

9.99520 

30 

31 

17055 

82945 

17586 

82464 

00482 

99518 

29 

32 

17139 

8-2861 

17622 

8-2378 

00483 

99517 

28 

33 

17-223 

82777 

17708 

82292 

00485 

' 99515 

27 

34 

17307 

82693 

17794 

82206 

00487 

99513 

26 

35 

9.17391 

10-826J9 

9.17880 

10.82120 

10.00489 

9.99511 

25 

36 

17474 

82526 

17965 

82035 

. 00491 

99509 

24 

37 

17658 

82442 

18051 

81949 

00493 

99507 

23 

38 

17641 

82359 

18136 

81864 

00495 

99505 

22 

39 

17724 

8-2276 

18221 

81779 

00497 

99503 

21 

40 

9.17807 

10.8-2193 

9.18306 

10.81694 

10.00499 

9.99501 

20 

41 

17890 

82110 

18:391 

81609 

I 00501 

99499 

19 

42 

17973 

8*2027 

18475 

81525 

0^503 

99497 

18 

43 

18055 

81945 

18560 

81440 

00505 

99495 

17 

44 

18137 

81863 

18644 

il356 

00506 

99494 

16 

45 

9.18220 

10.81780 

9.18728 

10,81272 

10.00508 

9.99492 

15 

46 

18302 

81698 

18812 

81188 

00510 

99490 

14 

47 

18383 

81617 

18896 

81104 

00512 

99488 

13 

48 

18465 

81535 

18979 

81021 

00514 

99486 

12 

49 

18547 

81453 

19063 

80937 

00516 

99484 

11 

50 

9.18628 

10.81372 

9.19146 

10.80854 

10.00518 

9.99482 

10 

51 

18709 

81291 

19229 

80771 

00520 

99480 

9 

52 

18790 

81210 

19312 

80688 

00522 

99478 

8 

53 

18871 

81129 

19395 

80605 

00524 

99476 

7 

54 

18952 

81048 

19478 

80522 

00526 

99474 

6 

55 

9.19033 

10.80967 

9.19561 

10.80439 

10.00528 

9.99472 

5 

56 

19113 

30887 

19643 

80357 

00530 

99470 

4 

57 

19193 

80807 

19725 

80275 

00532 

99468 

3 

58 

19273 

80727 

19807 

80193 

00534 

99466 

2 

69 

19:353 

80647 

19889 

80111 

00536 

99464 

1 

60 

19433 

80567 1 

19971 

80029 

00538 

99462 

0 

M. 

Cosine. 

Secant. [ 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 
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Table 2 LOGARITHMIC ANGULAR FUNCTIONS 261 


9® Logarithms. 170® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.19433 

10.80567 

9.19971 

10,80029 

10.00538 

9.99462 

60 

1 

19513 

80487 

20053 

79947 

00540 

99460 

59 

2 

19592 

80408 

20134 

79866 

00542 

99458 

58 

3 

19672 

80328 

20216 

79784 

00544 

99456 

57 

4 

19751 

80249 

20297 

79703 

. 00546 

99454 

56 

5 

9.19830 

10.80170 

9.20378 

10.79622 

10.00548 

9.99452 

65 

6 

19909 

80091 

20459 

79541 

00550 

99450 

54 

7 

19988 

80012 

■ 20540 

79460 

00552 

99448 

53 

8 

20067 

79933 

20621 

79379 

00554 

99446 

52 

9 

20145 

79855 

20701 

79299 

00556 

99444 " 

51 

10 

9.20223 

10.79777 

9.20782 

10.79218 

10.00558 

9.99442 

50 

11 

20302 

79698 

20862 

79138 

00560 

99440 

49 

12 

20380 

79620 

20942 

79058 

00562 

99438 

48 

13 

20458 

79542 

21022 

78978 

00564 

99436 

47 

14 

20535 

79465 

21102 

78898 

00566 

99434 

46 

15 

9.20613 

10.79387 

9.21182 

10.78818 

10.00568 

9.99432 

45 

16 

20691 

79309 

21261 

78739 

00571 

99429 

44 

17 

20768 

79232 

21341 

78659 

00573 

99427 

43 

18 

20845 

79155 

21420 

7S5S0 

00575 

99425 

42 

19 

20922 

7907S 

21499 

78501 

00577 

99423 

41 

20 

9.20999 

10.79001 

9.21578 

10.78422 

10.00579 

9.99421 

40 

21 

21076 

78924 

21657 

78343 

00581 

99419 

39 

22 

21153 

78847 

21736 

78264 

00583 

99417 

38 

23 

21229 

78771 

21814 

78186 

00585 

99415 

37 

24 

21306 

78694 

21893 

78107 

00587 

99413 

36 

25 

9.21382 

10.78618 

9.21971 

10.78029 

10.00589 

9.99411 

85 

26 

21458 

78542 

22049 

77951 

00591 

99409 

34 

27 

21534 

78466 

22127 

77873 

00593 

99407 

83 

28 

21610 

78390 

22205 

77795 

00596 

99404 

32 

29 

21685 

78315 

22283 

77717 

00598 

99402 

31 

30 

9.21761 

10.78239 

9.22361 

10.77639 

10.00600 

9.99400 

30 

31 

21836 

78164 

22438 

77562 

00602 

99398 

29 

32 

21912 

78088 

22516 

77484 

00604 

99396 

2S 

33 

21987 

78013 

22593 

77407 

00606 

99394 

27 

34 

22062 

77938 

22670 

77330 

00608 

99392 

26 

35 

9.22137 

10.77863 

9.22747 

10.77253 

10.00610 

9.99390 

25 

36 

22211 

77789 

22824 

77176 

00612 

99388 

24 

37 

22286 

77714 

22901 

77099 

00615 

99385 

23 

38 

22361 

77639 

22977 

77023 

00617 

99383 

22 

39 

22435 

77565 

23054 

76946 

00619 

99381 

21 

40 

9.22509 

10.77491 

9.23130 

10.76870 

10.00621 

9.99379 

20 

41 

22583 

77417 

23206 

76794 

00623 

99377 

19 

42 

22657 

77343 

23283 

76717 

00625 

99375 

18 

43 

22731 

77269 

23359 

76641 

00628 

99372 

17 

44 

22805 

77195 

23435 

76565 

00630 

99370 

16 

45 

9.22878 

10.77122 

9.23510 

10.76490 

10.00632 

9.99368 

15 

46 

22952 

77048 

23586 

76414 

00634 

99366 

14 

47 

23025 

76975 

23661 

76339 

00636 

99364 

13 

48 

23098 

76902 

23737 

76263 

00638 

99362 

12 

49 

23171 

76829 

23812 

76188 

00641 

99359 

11 

50 

9.23244 

10.76756 

9,23887 

10.76113 

10.00643 

9.99357 

10 

51 

23317 

76683 

23962 

76038 

00645 

99355 

9 

52 

23390 

76610 

24037 

75963 

00647 

99353 

8 

53 

23462 

76538 

24112 

75888 

00649 

99351 

7 

64 

23535 

76465 

24186 

75814 

00652 

99348 

6 

55 

9.23607 

10.76393 

9.24261 

10.75739 

10.00654 

9.99346 

5 

56 

23679 

76321 

24335 

75665 

00ei66 

99344 

4 

57 

23752 

76248 

24410 

75590 

00658 

99342 

3 

58 

23823 

76177 

24184 

75516 

00660 

99340 

2 * 

59 

23895 

76105 

24558 

75442 

00663 

99337 

1 

60 1 

23967 

76033 

24632 

75368 

00665 

99335 1 

0 

:'T. 

<7o=ine. 


Couingfsnr. 

Tangent. 

Cosecant. 

Sin.-:. i 

.’viT 



262 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


10® Logarithms. 169® 


M. 1 Sine. 

j Cosecant. 

j ! Tanp:ent. 

Cotangent 

' ^ Secant. 

Cosine. 

M. 

0 

9.23967 

10.76033 

! 9.24632 

10.753GS 

1 10.00665 

9.99335 

60 

1 

24039 

75961 

i . 24706 

75294 

I 006(J7 

993:33 

59 

2 

24110 

75890 

! i 24779 

75221 

00669 

99331 

58 

3 

24181 

75819 

24853 

75147 

00672 

99328 

57 

4 

24263 

75747 

! 24926 

75074 

00674 

99326 

56 

6 

9.24324 

10.75676 

' 9.25000 

10.75000 

10.00676 

9.99324 

55 

6 

24395 

75605 

1 25073 

74927 

00678 

99322 

54 

7 

24466 

75534 

25146 

74854 

00681 

99319 

53 

8 

24536 

75464 

25219 

74781 

006cS3 

99317 

52 

9 

24607 

75393 

25292 

74708 

00685 

99315 

51 

10 

9.24677 

10.75323 

9.25365 

10.74635 

10.00687 

9-99313 

50 

11 

24748 

75252 

254:37 

74563 

00690 

99310 

49 

12 

24818 

75182 

25510 

74490 

00692 

99308 

48 

13 

248S8 

75112 

25582 

74418 

00694 

99306 

47 

14 

24958 

75042 

25655 

74345 

00696 

99304 

46 

15 

9.25028 

10.74972 

9.25727 

10.74273 

10.00699 

9.99301 

45 

16 

25098 

74902 

25799 

• 74201 

00701 

99299 

44 

17 

25168 

74832 

25871 

74129 

00703 

99297 

43 

18 

25237 

74763 

25943 

74057 

00706 

99294 

42 

19 

25307 

74693 

26015 

73985 

00708 

99292 

41 

20 

9.25376 

10.74624 

9.260S6 

10.73914 

10.00710 

9.99290 

40 

21 

25445 

74555 

26158 

73842 

00712 

99288 

39 

22 

25514 

74486 

26229 

73771 

00715 

99285 

38 

23 

25583 

74417 

26301 

73699 

00717 

99283 

37 

24 

25652 

74348 

26372 

73628 

00719 

99281 

36 

25 

9.25721 

10.74279 

9.26443 

10.73557 

10.00722 

9. 99278 

35 

26 

25790 

74210 

26514 

73486 

00724 

99276 

34 

27 

25S58 

74142 

26585 

73415 

00726 

99274 

S3 

28 

25927 

74073 

26655 

73345 

00729 

99271 

32 

29 

25995 

74005 

26726 

73274 

00731 

99269 

31 

30 

9-26063 

10.73937 

9.26797 

10.73203 

10.007:33 

9.99267 

30 

31 

26131 

73869 

26867 

73133 

007:56 

99264 

29 

32 

26199 

73801 

269:37 

73063 

00738 

99262 

28 

S3 

26267 

73733 

27008 

72992 

00740 

99260 

27 

34 

26335 

73665 

27078 

72922 

00743 

1 99257 

26 

35 

9.26403 

10.73597 

9.27148 

10.72852 

10.00745 

9-99255 

25 

36 

26470 

73530 

27218 

72782 

00748 

99252 

24 

37 

26538 

73462 

27288 

72712 

00750 

99250 

23 

38 

26605 

73395 

27357 

, 72643 

00752 

99248 

22 

39 

26672 

7:3328 

27427 

72573 

00755 

99245 

21 

40 

9.26739 

10.73261 

9.27496 

10.72504 

10.00757 

9.99243 

20 

41 

! 26806 

73194 

27566 

72434 

00759 

99241 

19 

42 

26873 

73127 

27635 

72365 

00762 

99238 

18 

43 

26940 

73060 

27704 

72296 

00764 

992:36 

17 

41 

27007 

72993 

27773 

72227 

00767 

99233 

16 

45 

9.27073 

10.72927 

9.27842 

10.72158 

10.00769 

9.99231 

15 

46 

27140 

72860 

27911 

72089 

00771 

99229 

14 

47 

27206 

72794 

27980 

72020 

00774 

99226 

13 

48 

27273 

72727 

28049 

71951 

00776 

99224 

12 

49 

27339 

72661 

28117 

71883 

00779 

99221 

11 

60 

9.27405 

10..72595 

. 9.28186’ 

10-71814 

10.00781 

9.99219 

10 

51 

■ 27471- 

■ 72529 

28254 

71746 

00783 

■ 99217 


52 

27537 

72463 

28323 

71677 

00786 

. 99214 

8 

53 

27602 

72398 

28391 

71609 

00788 

99212 

.7- 

54 

27668 

723:32 

28459 

71541 

00791 

99209 

& 

55 

9.27734 

10-72266 

9-28527 

10.71473 

10.00793 

9.99207 

5 

56 

27799 

72201 

28595 

71406 

00796 

99204 

4 

57 

27864 

72136 

28662 

71338 

00798 

99202 

3 

5S 

27930 

72070 

28730 

71270 

00800 

99200 

2 

59 

27995 

72005 

28798 

71202 

00803 

99197 

1 

60 

28060 

71940 

28865 

71135 

00805 

99195 

0 

M. 

Cosine. | 

Secant- 

Cotangent. [, 

-Tangent- jl. Cosecant. | 

Sine. 

M.. 
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Table 2 LOGARITHMIC ANGULAR FUNCTIONS 263 


Losrarithnis. 168® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent, 

Secant. 

Cosine- 

M. 

0 

9.28060 

10.71940 

9.28865 

10.71135 

10.00805 

9.99195 

60 

1 

28125 

71875 

28933 

71067 

00808 

99192 

59 

2 

28190 

71810 

29000 

71000 

00810 

99190 

58 

3 

28254 

71746 

29067 

70933 

00813 

99187 

57 

4 

28319 

71681 

29134 

70866 

00815 

99185 

56 

6 

9.28384 

10.71616 

9.29201 

10.70799 

10.00818 

9.99182 

55 

6 

28448 

71552 

29268 

70732 

00820 

99180 

54 

7 

28512 

714SS 

29335 

70665 

00823 

99177 

53 

8 

28577 

71423 

29402 

70598 

00825 

99175 

52 

9 

28641 

71359 

29468 

70532 

00828 

99172 

51 

10 

9.28705 

10.71295 

9.29535 

10.70465 

10.00830 

9.99170 

50 

11 

28769 

71231 

29601 

70399 

00833 

99167 

49 

12 

28833 

71167 

29668 

70332 

00835 

99165 

48 

13 

28896 

71104 

29734 

70266 

00838 

99162 

47 

14 

28960 

71040 

29800 

70200 

00840 

99160 

46 

15 

9.29024 

10.70976 

9.29866 

10.70134 

10.00843 

9.99157 

45 

IG 

29087 

70913 

29932 

70068 

00845 

99155 

44 

,17 

29150 

70850 

29998 

70002 

00848 

99152 

43 

18 

29214 

70786 

30064 

69936 

00850 

99150 

42 

19 

29277 

70723 

30130 

69870 

00853 

99147 

41 

20 

9.29340 

10.70660 

9.30195 

10.69805 

10.00855 

9,99145 

40 

21 

29403 

70597 

30261 

69739 

00858 

99142 

39 

22 

29466 

70534 

30326 

69674 

00860 

99140 

38 

23 

29529 

70471 

30391 

69609 

00863 

99137 

37 

24 

29591 

70409 

30457 

69543 

00865 

99135 

36 

25 

9.29654 

10.70346 

9.30522 

10.69478 

10.00868 

9.99132 

35 

26 

29716 - 

70284 

'30587 

69413 

00870 

99130 

34 

27 

29779 

70221 

30652 

69348 

00873 

99127 

33 

28 

298-11 

70159 

30717 

69283 

00876 

99124 

32 

29 

29903 

70097 

30782 

69218 

00878 

99122 

31 

SO 

9.29966 

10.70034 

9.30846 

10.69154 

10.00881 

9.99119 

30 

31 

30028 

69972 

30911 

69089 

00883 

99117 , 

29 

32 

30090 

69910 

30975 

69025 

00886 

99114 

28 

83 

30151 

69849 . 

31040 

68960 

00888 

99112 

27 

34 

30213 

69787 

31104 

6SS96 

00891 

99109 

26 

35 

9.30275 

10.69725 

9.31168 

10.68832 

10.00894 

9.99106 

25 

36 

30336 

69664 

31233 

()8767 

00896 

99104 

24 

87 

80398 

69602 

S1297 

68703 

' 00899 

99101 

23 

38 

30459 

69541 

31361 

G8639 

00901 

99099 

22 

39 

30521 

69479 

31425 

6857.-) 

00904 

99096 

21 

40 

9.30582 

10.69418 

9.31489 

10.68511 

10.00907 

9.99093 

20 

41 

30643 

69357 

31552 

68448 

00909 

99091 

19 

42 

30704 

69296 

31616 

68384 

00912 

99088 

18 

43 

30765 

69235 

31679 

68321 

00914 

99086 

17 

44 

30826 

69174 

31743 

68257 

00917 

99083 

16 

45 

9.30887 

10'.69113 

9.31806 

10.68194 

10.00920 

9.99080 

15 

46 

30947 

69053 

31870 

68130 

00922 

99078 

14 

47 

31008 

68992 

31933 

68067 

00925 

99075 

13 

48 

31068 

68932 

31996 

68004 

0092S 

99072 

12 

49 

31129 

68871 

32059 

67941 

00930 

99070 

11 

50 

9.31189 

10.68811 

9.32122 

10.67878 

10.00933 

9.99067 

10 

51 

31250 

68750 

32185 

678T5 

00936 

99064 

9 

52 

31310 

68690 

32248 

67752 

00938 

99062 

8 

53 

31370 

68630 

32311 

67689 

00941 

99059 

7 

54 

31430 

68570 

32373 

67627 

00944 

99056 

6 

55 

9.31490 

10.68510 

9.32436 

10.67564 

10.00946 

9.99054 

6 

56 

31549 

68451 

32498 

67502 

00949 

99051 

4 

57 

31609 

68391 

32501 

67439 

00952 

99048 

3 

58 

31669 

68331 

32623 

67377 

00954 

99046 

2 

59 

3.1 728 

68272 

32685 

67315 

00957 

99043 

1 

60 

31788 

68212 

32747 

67253 

00960 

99040 

0 


Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


101 ° 


78° 



264 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


12° Logarithms. 167° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

{ Secant. 

Cosine. 

M. 

0 

9.31788 

10.68212 

9.32747 

10.67253 

10.00960 

9.99040 

60 

1 

31847 

68153 

32810 

67190 

00962 

99038 

59 

2 

31907 

68093 

32872 

67128 

00965 

99035 

58 

S 

31966 

68034 

32933 

67067 

00968 

99032 

57 

4 

32025 

67975 

32995 

67005 

00970 

99030 

56 


9.32084 

10.67916 

9.33057 

10.6694^ 

10.00973 

9.99027 

55 

6 

32143 

67857 

33119 

66881 

00976 

99024 

54 

7 

32202 

67798 

33180 

66820 

00978 

99022 

53 

8 

32261 

67739 

33242 

66758 

00981 

99019 

52 

9 

32319 

676S1 

33303 

66697 

00984 

99016 

51 

10 

9.32378 

10.67622 

9.33365 

10.66635 

10.00987 

9.99013 

50 

11 

32437 

67563 

33426 

66574 

00989 

99011 

49 

12 

32495 

67505 

33487 

66513 

00992 

99008 

48 

13 

32553 

67447 

33548 

66452 

00995 

99005 

47 

14 

32612 

67388 

33609 

66391 

00998 

99002 

46 

15 

9.32670 

10.67330 

9.33670 

10.66330 

10.01000 

9.99000 

45 

16 

32728 

67272 

33731 

66269 

01003 

98997 

44 

17 

32786 

67214 

33792 

66208 

01006 

98994 

43 

18 

32844 

67156 

33853 

66147 

01009 

98991 

42 

19 

32902 

67098 

33913 

66087 

01011 

98989 

41 

20 

9.32960 

10.67040 

9.33974 

10.66026 

10-01014 

9.98986 

40 

21 

33018 

(56982 

■34034 

65966 

01017 

98983 

39 

22 

33075 

66925 

34095 

65905 

01020 

98980 

38 

23 

33133 

66867 

34155 

65845 

01022 

98978 

37 

24 

33190 

66810 

34215 

65785 

01025 

98975 

36 

25 

9.33248 

10.66752 

9.34276 

10.65724 

10.01028 

9.98972 

35 

26 

33305 

66695 

34336 

65664 

01031 

98969 

34 

27 

33362 

66638 

34396 

65604 

01033 

98967 

83 

28 

33420 

66580 

34466 

65544 

01036 

98964 

32 

29 

33477 

66523 

34516 

65484 

01039 

98961 

31 

30 

9.33534 

10.66466 

9.34576 

10.65424 

10.01042 

9.98958 

30 

31 

33591 

66409 

34635 

65365 

01045 

' 98955 

29 

32 

33647 

66353 

34695 

65305 

01047 

98953 

28 

33 

33704 

66296 

34755 

65245 

01050 

98950 

27 

34 

33761 

66239 

84814 

65186 

01053 

98947 

26 

35 

9.33818 

10.66182 

9.34874 

10.65126 

10.01056 

9.98944 

25 

36 

33874 

66126 

34933 

65067 

01059 

98941 

24 

37 

33931 

66069 

34992 

65008 

01062 

98938 

23 

38 

33987 

66013 

35051 

64949 

01064 

98936 

22 

39 

34043 

65957 

35111 

64889 

01067 

98933 

21 

40 

9.34100 

10.65900 

9.35170 

10.64830 

10.01070 

9.98930 

20 

41 

34156 

65844 

35229 

64771 

01073 

98927 

19 

42 

34212 

65788 

35288 

64712 

01076 

98924 

18 

43 

34268 

65732 

35347 

64653 

01079 

98921 

17 

44 , 

34324 

65676 

35405 

64595 

01081 

98919 

16 

45 

9.34380 

10.65620 

9.35464 

10.64536 

10.01084 

9.98916 

15 

46 

34436 

65564 

35523 

64477 

01087 

98913 

14 

47 

34491 

65609 

35581 

64419 

01090 

98910 

13 

48 

34547 

65453 

35640 

64360 

01093 

98907 

12 

49 

34602 

65398 

35698 

64302 

! 01096 

98904 

11 

60 

9.34658 

10.65342 

9.35757 

10,64243 

10.01099 

9.98901 

10 

51 

34713 

65287 

35815 

64185 

01102 

98898 

9 

52 

34769 

65231 

35873 

64127 

01104 

98896 

8 

53 

34824 

65176 

35931 

64069 

01107 

98893 

7 

54 

34879 

65121 

35989 

64011 

OHIO 

98890 

6 

55 

9.34934 

10.65066 

9.36047 

10.63953 

10.01113 

9.98887 

5 

56 

34989 

65011 

36105 

63895 

01116 

98884 

4 

57 

35044 

64956 

36163 

63837 

01119 

98881 

3 

58 

35099 

64901 

36221 

63779 

01122 

98878 

2 

59 

35154 

64846 

36-279 

63721 

01125 

98875 

1 

60 

35209 

64791 

36336 

63664 

01128 

98872 

0 

M. 

Cosine. 

Secant. 1 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 1 

M. 


77 ° 


102 ° 
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<3° Logarithms. 166® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine- 

M. 

0 

9.35209 

10.64791 

9,36336 

10.63664 

10.01128 

9.98872 

60 

1 

35263 

64737 

36394 

63606 

01131 

98869 

59 

2 

35318 

i 64682 

36452 

63548 

01133 

98867 

58 

3 

35373 

64627 

36509 

63491 

01136 

98864 

57 

4 

35427 

64573 

36566 

63434 

01139 

98861 

56 

5 

9.35481 

10.64519 

9.36624 

10.63376 

10.01142 

9.98S58 

55 

6 

35536 

64464 

36681 

63319 

01145 

98S55 

54 

7 

35590 

64410 

36738 

63262 

01148 

98852 

53 

8 

35644 

64356 

36795 

63205 

01151 

98849 

52 

9 

35698 

64302 

36852 

63148 

01154 

98846 

51 

10 

9.35752 

10.64248 

9.36909 

10.63091 

10.01157 

9.98843 

50 

11 

35806 

64194 

36966 

63034 

01160 

98840 

49 

12 

35860 

64140 

37023 

62977 

01163 

98837 

48 

13 

35914 

64086 

37080 

62920 

01166 

98834 

47 

14 

35968 

64032 

37137 

62863 

01169 

98831 

46 

15 

9.36022 

10.63978 

9.37193 

10.62807 

10.01172 

9.9S828 

45 

16 

36075 

6B925 

37250 

62750 

01175 

98825 

44 

17 

36129 

63871 

37306 

62694 

01178 

98822 

43 

18 

36182 

63S18 

37363 

62637 

01181 

98819 

42 

19 

36236 

63764 

37419 

6-2581 

01184 

98816 

41 

20 

9.36289 

10.63711 

9.37476 

10.62521 

10.01187 

9.98813 

40 

21 

36342 

63658 

37532 

62468 

01190 

98810 

39 

22 

86396 

63605 

37588 

62412 

01193 

98807 

38 

23 

36449 

63551 

37644 

62356 

01196 

98804 

37 

24 

^36502 

63498 

37700 

62300 

01199 

98801 

36 

25 

^36555 

10.63445 

9.37756 

10.62244 

10.01202 

9,98798 

35 

26 

36608 

63392 

37812 

6-2188 

01205 

98795 

34 

27 

36660 

63340 

37868 

62132 

01208 

98792 

33 

28 

36713 

63287 

37924 

62076 

01211 

98789 

32 

29 

36766 

63234 

37980 

62020 

01214 

98786 

31 

80 

9.36819 

10.63181 

9.38035 

10.61965 

10.01217 

9.98783 

30 

31 

36871 

63129 

38091 

61909 

01220 

98780 

29 

32 

36924 

63076 

38147 

61853 

01223 

98777 

28 

33 

36976 

63024 

88202 

61798 

01226 

98774 

27 

34 

37028 

62972 

38257 

61743 

01229 

98771 

26 

35 

9.37081 

10.62919 

9.38313 

10.61687 

10.01232 

9.98768 

25 

36 

37133 

62867 

38368 

61632 

01235 

98765 

24 

37 

37185 

62815 

38423 

61577 

01238 

98762 

23 

38 

37237 

62763 

38479 

61521 

01241 

98759 

22 

39 

37289 

62711 

38534 

61466 

01244 

9S756 

21 

40 

9.37341 

10,62659 

9.:^8689 

10.61411 

10.01247 

9.98753 

20 

41 

37393 

62607 

38644 

61356 

01250 

98750 

19 

42 

37445 

62555 

38699 

61301 

01-254 

98746 

18 

43 

37497 

62503 

38754 

61246 

01257 

98743 

17 

44 

37549 

62451 

38808 

61192 

01260 

98740 

16 

45 

9.37600 

10.62400 

9.38863 

10.61137 

10.01263 

9.98737 

1 15 

46 

37652 

62348 

38918 

61082 

01266 

98734 

' 14 

47 

37703 

62297 

38972 

61028 

01269 

98731 

13 

48 

37755 

62245 

39027 

60973 

01272 

98728 

12 

49 

37806 

62194 

39082 

60918 

01275 

98725 

11 

50 

9.37858 

10.62142 

9.39136 

10.60864 

10.01278 

9.98722 

10 

51 

37909 

62091 

39190 

60810 

01281 

98719 

9 

52 

37960 

62040 

39245 

60755 

01285 

98715 

8 

53 

38011 

61989 

39299 

60701 

01288 

98712 

7 

54 

38062 

61938 

39:153 

60647 

01291 

98709 

6 

65 

9.38113 

10.61887 

9.39407 

10.60593 

10.01294 

9.98706 

5 

66 

38164 

61836 

39461 

60539 

01297 

98703 

4 

67 

38215 

61785 

39515 

60485 

01300 

98700 

3 

58 

38266 

61734 

39569 

60431 

01303 

98697 

2 

69 

38317 

61683 

39623 

60377 

01306 

98694 

1 

60 

38368 

61632 

39677 

60323 

01310 

98690 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent, 

Cosecant. 

Sine. 

M. 


76 ® 


103 ® 
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14® Logarithms. 165® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine, 

M. 

0 

9.3S368 

10.61632 

9.39677 

10.60323 

10.01310 

9.9S690 

60 

1 

38418 

61582 

39781 

60269 

01313 

98687 

59 

2 

38469 

61531 

397S5 

60215 

01316 

98684 

58 

3 

38519 

61481 

39S38 

60162 

01319 

98681 

57 

4 

38570 

61430 

39892 

60108 

01322 

98678 

56 

5 

9.38620 

10.61380 

9.39945 

10.60055 

10.01325 

9.98675 

55 

6 

38670 

61330 

39999 

60001 

01329 

98671 

54 

7 

38721 

61279 

40052 

59948 

01332 

98668 

53 

8 

38771 

61229 

40106 

59894 

01335 

98665 

52 

9 

38821 

61179 

40159 

59841 

01338 

98662 

61 

10 

9.38871 

10.61129 

9.40212 . 

10.59788 

10.01341 

9.98659 

50 

11 

38921 

61079 

40266 

59734 

01344 

98656 

49 

12 

38971 

61029 

40319 

59681 

01348 

98652 

48 

13 

39021 

60979 

40372 

59628 

01351 

986-19 

47 

14 

39071 

60929 

40425 

59575 

01354 

98646 

46 

16 

9.39121 

10.60879 

9.40478 

10.59522 

10.01357 

9.98643 

45 

16 

39170 

60S30 

40531 

69469 

01360 

98640 

44 

17 

39220 

60780 

40584 

69416 

01364 

98636 

43 

18 

39270 

60730 

40636 

59364 

01367 

98633 

42 

19 

39319 

60681 

40689 

59311 

01370 

98630 

41 

20 

9.39369 

10.60631 

9.40742 

10.59258 

10.01373 

9.98627 

40 

21 

39418 

60582 

40795 

59205 

01377 

98623 

39 

22 

39467 

60533 

40847 

59153 

01380 

98620 

38 

23 

39517 

60483 

40900 

59100 

01383 

98617 

37 

24 

39566 

60434 

40952 

59048 

01386 

98614 

36 

25 

9.39615 

10.60385 

9.41005 

10.58995 

10.01390 

9.98610 

36 

26 

39664 

60336 

41057 

58943 

01393 

98607 

84 

27 

39713 

60287 

41109 

68891 

01396 

98604 

33 

28 

39762 

60238 

41161 

58S39 

01399 

98601 

32 

29 

39811 

60189 

41214 

58786 

01403 

98597 

81 

30 

9.39860 

10.60140 

9.41266 

10.58734 

10.01406 

9.98594 

30 

31 

39909 

60091 

41318 

58682 

01409 

98591 

29 

32 

39958 

60042 

41370 

58630 

01412 

98588 

28 

33 

400.6 

59994 

41422 

58578 

01416 

98584 

27 

34 

40055 

59945 

41474 

58526 

01419 

98581 

26 

35 

9.40103 

10.59897 

9.41526 

10.58474 

10.01422 

9.98578 

26 

36 

40152 

5984S 

41578 

58422 

01426 

98574 

24 

37 

40200 

59800 

41629 

58371 

01429 

98571 

23 

38 

40249 

59751 

41681 

58319 

01432 

98568 

22 

39 

40297 

59703 

41733 

58267 

01435 

98565 

21 

40 

9.40346 

10.59654 

9.41784 

10.58216 

10.01439 

9.98561 

20 

41 

40394 

59606 

41S36 

.58164 

01442 

98558 

19 

42 

40442 

59558 

41SS7 

58113 

01445 

98555 

18 

43 

40490 

59510 

41939 

58061 

01449 

98551 

17 

44 

40538 

59462 

41990 

58010 

01452 

98548 

16 

45 

9.40586 

10.59414 

9.42041 

10.57959 

10.01455 

9.98545 

16 

46 

40634 

59366 

42093 

67907 

01459 

98541 

14 

47 

40682 

59318 

42144 

57856 

01462 

98538 

13 

48 

40730 

59270 

42195 

57805 

01465 

98535 

12 

49 

40778 

59223 

42246 

57754 

01469 

98531 

11 

50 

9.40825 

10.59175 

9.42297 

10.57703 

10.01472 

9.98528 

10 

51 

40873 

59127 

42348 

57652 

01475 

98525 

9 

52 

40921 

59079 

42399 

57601 

01479 

98521 

8 

53 

40968 

59032 

42450 

57550 

01482 

98518 

7 

64 

41016 

5S9S4 

42501 

57499 

01485 

98515 

6 

55 

9.41063 

10.58937 

9.42552 

10.57448 

10.01489 

9.98511 

5 

66 

41111 

588S9 

42603 

57397 

01492 

98508 

4 

57 

41158 

58842 

42653 

57347 

i 01495 

98505 

3 

58 

41205 

58795 

42704 

57296 

01499 

98501 

2 

59 

41252 

58748 

f 42755 

57245 

01502 

98498 

1 

60 

41300 

58700 

42805 

67195 

01506 

98494 

0 

M. 

CofiSne- 

Secant, j 

Cotangent. 

Tangent. 

Cosecant. 

• Sine. 

M. 


104® 


75® 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 267 


15° Log^arithms. 164° 


M. 

Sine. 

1 Oo=r'*a.r.t. 

i U rp.. j. 

' Cr-i^rc- :;t 



' >r. 

0 

9.41300 

io.:;S7;:o 

!■ 

10.571; '5 


9 '4- :<-! 

GO 

1 

41347 



T'.~' : : 


'>«. 

.'iO 

2 

41394 

58606 

42906 

57094 

1 bi512 

98488 

58 

3 

41441 

58559 

42957 

57043 

01516 

98484 

57 

4 

41488 

58512 

43007 

56993 

i 01519 

98481 

56 

5 

9.41535 

10.58465 

9.43057 

10.56943 

10.01523 

9-98477 

55 

6 

41582 

5S418 

43108 

56892 

01626 

98474 

54 

7 

41628 

58372 

43158 

56842 

01529 

98471 

53 

8 

41675 

58325 

43208 

66792 

01533 

98467 

52 

9 

41722 

58278 

43258 

56742 

01536 

98464 

51 

10 

9.41768 

10.58232 

9.43308 

10.56692 

10.01540 

9.98460 

50 

11 

41815 

58185 

43358 

56642 

01543 

98457 

49 

12 

41861 

58139 

43408 

56592 

01547 

98453 

48 

13 

41908 

58092 

43458 

56542 

01550 

98450 

47 

14 

41954 

58046 

43508 

56492 

01553 

98447 

46 

15 

9.42001 

10.57999 

9.43558 

10-66442 

10.01557 

9.9S443 

46 

16 

42047 

57953 

43607 

56393 

01560 

98440 

44 

17 

42093 

57907 

43657 

56343 

01564 

98436 

43 

18 

42140 

57860 

43707 

56293 

01567 

98433 

42 

19 

42186 

57814 

43756 

56244 

01571 

98429 

41 

20 

9.42232 

10.57768 

9.43806 

10.56194 

10.01574 

9.98426 

40 

21 

42278 

57722 

43855 

56145 

01578 

98422 

39 

22 

42324 

57676 

43905 

66095 

01581 

98419 

38 

23 

42370 

57630 

43954 

66046 

015S5 

98415 

37 

24 

42416 

57584 

44004 

55996 

01588 

98412 

36 

25 

9.42461 

10.57539 

9.44053 

10.65947 

10.01591 

9.98409 

35 

26 

42507 

57493 

44102 

55898 

01595 

98405 

34 

27 

42553 

57447 

44151 

55849 

01598 

98402 

33 

28 

42599 

57401 

44201 

55799 

01602 

98398 

82 

29 

42644 

57356 

44250 

65750 

01605 

98395 

81 

80 

9.42690 

10.57310 

9.44299 

30.55701 

10.01609 

9.98391 

30 

31 

42735 

57265 

44348 

55652 

01612 

98388 

29 

32 

42781 

57219 

44397 

. 55603 

01616 

98384 

28 

33 

42826 

57174 

44446 

55554 

01619 

98381 

27 

34 

42872 

67128 

44495 

55505 

01623 

98377 

26 

35 

9.42917 

10.57083 

9.44544 

10.55456 

10.01627 

9.98373 

25 

36 

42962 

57088 

44592 

55408 

01630 

98370 

24 

37 

43008 

56992 

44641 

55359 

01634 

98366 

23 

38 

43053 

56947 

44690 

55310 

01637 

98363 

22 

39 

43098 

56902 

44738 

55262 

01641 

98359 

21 

40 

9.43143 

10.56857 

9.44787 

10.55213 

10.01644 

9.98356 

20 

41 

43188 

56812 

44836 

55164 

01648 

98362 

19 

42 

43233 

56767 

44884 

55116 

01651 

. 98349 

18 

43 

43278 

56722 

44933 

55067 

01655 

98345 

17 

44 

43323 

56677 

44981 

65019 

0165S 

9S342 

16 

45 

9.43367 

30,56633 

9.45029 

10.54971 

10.01662 

9.98338 

15 

46 

43412 

56588 

45078 

54922 

01666 

98334 

14 

47 

43457 

56543 

45126 

54874 

01669 

98331 

13 

48 

43502 

56498 

45174 

54826 

01673 

98327 

12 

49 

43546 

56454 

45222 

54778 

01676 

98324 

11 

50 

9.43591 

10,56409 

9.45271 

10.54729 

10.01680 

9.98320 

10 

51 

43635 

563G5 

45319 

54681 

01683 

98317 

9 

52 

43680 

56320 

45367 

54633 

01687 

98313 

8 

53 

43724 

56276 

45415 

54585 

01691 

98309 

7 

54 

43769 

56231 

45463 

64537 

01694 

98306 

6 

55 

9.43813 

10.56187 

9.45511 

10.54489 

10,01698 

9.98302 

5 

56 

43857 

56143 

45559 

54441 

01701 

98299 

4 

57 

43901 

56099 

45606 

54394 

01705 

98295 

3 

58 

43946 

56054 

45654 

54346 

01709 

98291 

2 

59 

43990 

56010 

45702 

54298 

01712 

98288 

1 

60 

444)34 

65966 

45750 

54250 

01716 

9S2S4 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


105 ° 


74° 



268 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


16® Lograrithms. 163® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.44034 

10.65966 

9.45760 

10.54250 

10.01716 

9.98284 

60 

1 

44078 

65922 

45797 

54203 

01719 

98281 

59 

2 

44122 

55878 

45845 

54155 

01723 

98277 

58 

3 

44166 

65834 

45892 

54108 

01727 

98273 

67 

4 

44210 

65790 

45940 

54060 

01730 

98270 

56 

5 

9.44253 

10.55747 

9.46987 

10.54013 

10.01734 

9.98266 

65 

6 

44297 

65703 

46035 

53965 

01738 

98262 

54 

7 

44341 

65659 

46082 

53918 j 

. 01741 

98259 

53 

8 

44385 

55615 

46130 

63870 

01745 

98255 

62 

9 

44428 

55572 

46177 

53823 

01749 

98251 

51 

10 

9.44472 

10.55528 

9.46224 

10.53776 

10.01752 

9.98248 

50 

11 

44516 

65484 

46271 

63729 

01756 

98244 

49 

12 

44559 

55441 

46319 

63681 

01760 

98240 

48 

13 

44602 

55398 

46366 

53634 

01763 

98237 

47 

14 

44646 

55354 

46413 

53587 

01767 

98233 

46 

15 

9.44689 

10.56311 

9.46460 

10.53540 

10.01771 

9.98229 

45 

16 

44733 

65267 

46507 

53493 

01774 

98226 

44 

17 

44776 

55224 

46554 

53446 

01778 

98222 

43 

18 

44819 

55181 

46601 

53399 

01782 

98218 

42 

19 

44862 

55138 

46648 

53352 

01785 

98215 

41 

20 

9-44905 

10-55095 

! 9.46694 

10.53306 

10.01789 

9.98211 

40 

21 

44948 

55052 

46741 

53259 

01793 

98207 

39 

22 

44992 

65008 

46788 

53212 

01796 

98204 

38 

28 

45035 

54965 

46835 

53165 

01800 

98200 

37 

24 

45077 

54923 

46881 

63119 

01804 

98196 

36 

25 

9.45120 

10-54880 

9.46928 

10.63072 

10.01808 

9.98192 

35 

26 

45163 

54837 

46975 

63025 

01811 

98189 

34 

27 

45206 

54794 

47021 

62979 

01815 

98185 

38 

28 

45249 

54751 

47068 

62932 

01819 

98181 

32 

29 

45292 

64708 

47114 

62886 

01828 

98177 

31 

30 

9.45334 

10.54666 

9.47160 

10.52840 

10.01826 

9.98174 

30 

31 

45377 

54623 

47207 

62793 

01830 

98170 

29 

32 

45419 

54581 

47253 

52747 

01834 

98166 

28 

33 

45462 

54538 

47299 

52701 

01838 

98162 

27 

34 

45504 

54496 

47346 

52654 

01841 

' 98159 

26 

35 

9.45547 

10.54453 

9,47392 

10.52608 

10.01845 

9.98155 

25 

36 

45589 

54411 

47438 

62562 

01849 

98151 

24 

37 

45632 

54368 

47484 

52516 

01853 

98147 

23 

88 

45674 

5432t> 

47530 

52470 

01856 

98144 

22 

39 

45716 

54284 

47576 

62424 

01860 

98140 

21 

40 

9.45758 

10.54242 

9.47622 

10.62378 

10.01864 

9.98136 

20 

41 

45801 

54199 

47668 

62332 

01868 

98132 

19 

42 

45843 

54157 

47714 

52286 

01871 

98129 

18 

43 

45885 

54115 

47760 

52240 

01875 

98125 

17 

44 

45927 

54073 

47806 

52194 

01879 

98121 

16 

45 

9.45969 

10.54031 

9.47852 

10.52148 

10.01883 

9.98117 

15 

46 

46011 

53989 

47897 

52103 

01887 

98113 

14 

47 

46053 

53947 

47943 

52057 

01890 

98110 

13 

48 

46095 

53905 

47989 

52011 

01894 

98106 

12 

49 

46136 

53864 

48035 

51965 

02898 

98102 

11 

50 

9.46178 

10.53822 

9.48080 

10.51920 

10.01902 

9.98098 

10 

51 

46220 

53780 

48126 

51874 

01906 

98094 

9 

52 

46262 

53738 

48171 

51829 

01910 

98090 

8 

63 

46303 

53697 

48217 

51783 

01913 

98087 

7 

64 

46345 

53655 

48262 

61738 

01917 

98083 

6 

65 

9.46386 

10-53614 

9,48307 

10.61693 

10,01921 

9.98079 

5 

66 

46428 

63572 

I 48353 

61647 

01925 

98075 

4 

57 

46469 

53531 

48398 

61602 

01929 

98071 

3 

58 

46611 

53489 

48443 

51557 

01933 

98067 

2 

59 

46552 

53448 

48489 

61511 

01937 

98063 

1 

60 

46594 

63406 

48534 

51466 

01940 

98060 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


106 ® 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 269 


17° Lo^rarithms. 162° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 


0 

9.46594 

10.53406 

9.48534 

10.51466 

10.01940 

9.98060 

60 ' 

1 

46635 

53365 

48579 

51421 

01944 

98056 

59 

2 

46676 

53324 

48624 

51376 

01948 

98052 

58 

3 

46717 

532S3 

48669 

51331 

01952 

98048 

67 

4 

46758 

53242 

48714 

51286 

01956 

98044 

56 

6 

9.46800 

10.53200 

9.48759 

10.51241 

10.01960 

9.98040 

55 

6 

46841 

53159 

48804 

51196 

01964 

98036 

54 

7 

46882 

53118 

48849 

51151 

01968 

98032 

53 

8 

46923 

53077 

48894 

51106 

01971 

98029 

52 

9 

46964 

53036 

48939 

51061 

01975 

98025 

51 

10 

9.47005 

10-52995 

9.48984 

10.51016 

10.01979 

9.98021 

60 

11 

47045 

52955 

49029 

50971 

01983 

98017 

49 

12 

47086 

52914 

49073 

50927 

01987 

98013 

48 

13 

47127 

52873 

49118 

60882 

01991 

98009 

47 

14 

47168 

52832 

49163 

50837 

01996 

98005 

46 

15 

9.47209 

10.52791 

9.49207 

10.50793 

10.01999 

9.98001 

45 

16 

47249 

52751 

49252 

• 50748 

02003 

97997 

44 

17 

47290 

52710 

49296 

60704 

02007 

97993 

43 

18 

47330 

52670 

49341 

50659 

02011 

97989 

42 

19 

47371 

52629 

49385 

50615 

0201 1 

97986 

41 

20 

9.47411 

10.52589 

9.49430 

10.50570 

10.02018 

9.97982 

40 

21 

47452 

52548 

49474 

50526 

02022 

97978 

39 

22 

47492 

62508 

49519 

50481 

02026 

97974 

38 

23 

47533 

52467 

49563 

60437 

02030 

97970 

37 

24 

47573 

52427 

49607 

50393 

02034 

97966 

36 

26 

9.47613 

10.52387 

9.49652 

10.50348 

10.02038 

9.97962 

35 

26 

47654 

52346 

49696 

50304 

02042 

97958 

34 

27 

47694 

52306 

49740 

60260 

02046 

97964 

33 

28 

47734 

52266 

49784 

60216 

02050 

97950 

32 

29 

47774 

52226 

49828 

50172 

02054 

97946 

31 

80 

9.47814 

10.52186 

9.49872 

10.50128 

10.02058 

9.97942 

30 

31 

47854 

52146 

49916 

50084 

02062 

97938 

29 

32 

47894 

52106 

49960 

50040 

02066 

97984 

28 

33 

47984 

52066 

50004 

49996 

02070 

97930 

27 

34 

47974 

52026 

60048 

49952 

02074 

97926 

26 

35 

9.48014 

10.51986 

9.50092 

10.49908 

10-02078 

9.97922 

25 

86 

48054 

51946 

50136 

49864 

02082 

97918 

24 

37 

48094 

51906 

50180 

49820 

02086 

97914 

23 

38 

48133 

51867 

60223 

49777 

02090 

97910 

22 

39 

48173 

51827 

50267 

49733 

02094 

97906 

21 

40 

9.48213 

10.51787 

9.50311 

10.49689 

10.02098 

9.97902 

20 

41 

48252 

51748 

50355 

49645 

02102 

97898 

19 

42 

48292 

61708 

60398 

49602 

02106 

97894 

18 

43 

48332 

51668 

50442 

49558 

02110 

97890 

17 

44 

48371 

51629 

60485 

49515 

02114 

97886 

16 

45 

9.48411 

10.51589 

9.50529 

10.49471 

10.02118 

9.97882 

15 

46 

48450 

51550 

50572 

49428 

02122 

97878 

14 

47 

48490 

51510 

50616 

49384 

02126 

97874 

13 

48 

48529 

51471 

50659 

49341 

02130 

97870 

12 

49 

48568 

51432 

50703 

49297 

02134 

97866 

11 

50 

9.48607 

10.51393 

9.50746 

10.49254 

10.02139 

9.97861 

10 

51 

48647 

51353 

50789 

49211 

02143 

97857 

9 

52 

48686 

51314 

50833 

49167 

02147 

97853 

8 

53 

48725 

51275 

50876 

49124 

02151 

97849 

7 

54 

48761 

51236 

50919 

49081 

02155 

97845 

6 

55 

9.48803 

10.51197 

9.50962 

10.49038 

10.02159 

9-97841 

5 

56 

48842 

51158 

51005 

48995 

02163 

97837 

4 

57 

48881 

61119 

61048 

48952 

02167 

97833 

3 

58 

48920 

51080 

51092 

48908 

02171 

97829 

2 

59 

48959 

61041 

61135 

48865 

02175 

97825 

1 

60 

48998 

51002 

51178 

48822 

02179 

97821 ! 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

1 Cosecant. 

Sine- 



72 ° 





270 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


I go Logarithms. 161 ° 


M. 

Sine. 

(.Vjsecant. 

Tangent. 

Cotangent 

. Secant. 

Cosine. 

M. 

0 

9.4S99S 

10.51002 

9.51178 

10.4SS22 

10.02179 

9.97821 

60 

1 

49037 

50963 

51221 

48779 

02183 

97817 

69 

2 

49076 

50924 

51264 

48736 

02188 

97812 

58 

3 

49115 

50S85 

51306 

48694 

02192 

97808 

57 

4 

49153 

5US47 

51349 

48651 

02196 

97804 

56 

5 

9.49192 

10.508U8 

9.51392 

10.48608 

10.02200 

.9.97800 

65 

6 

49231 

50769 

51435 

48565 

02204 

97796 

54 

7 

49269 

50731 

51478 

48522 

02208 

97792 

53 

8 

4930S 

50692 

51520 

48480 

02212 

97788 

52 

9 

49347 

50653 

51563 

48437 

02216 

97784 

51 

10 

9.49385 

10.50615 

9.51606 

10.48394 

10.02221 

9.97779 

50 

11 

49424 

50576 

51648 

48352 

02225 

97775 

49 

12 

49462 

50538 

51691 

48309 

02229 

97771 

48 

13 

49500 

505UO 

51734 

48266 

02233 

97767 

47 

34 

49539 

50461 

51776 

48224 

02237 

97763 

46 

15 

9.49577 

10.50423 

9.51819 

10.48181 

10.02241 

9.97759 

45 

16 

49615 

50385 

51861 

48139 

02246 

97754 

44 

17 

49654 

60346 

51903 

48097 

02250 

97760 

43 

IS 

49692 

50308 

51946 

48054 

02254 

97746 

42 

19 

49730 

50270 

51988 

4S012 

02258 

97742 

41 

20 

9.4976S 

10.50232 

9.52031 

10.47969 

10.02262 

9.97738 

40 

21 

49806 

50194 

52073 

47927 

02266 

97734 

39 

22 

49844 

50156 

52115 

47885 

02271 

97729 

38 

23 

49882 

50118 

62157 

47843 

02275 

97725 

37 

24 

49920 

50080 

52200 

47800 

02279 

97721 

36 

25 

9.49958 

10.50042 

9.52242 

10.47758 

10.02283 

9.97717 

85 

26 

49996 

50004 

62284 

47716 

02287 

97713 

84 

27 

50034 

49966 

52326 

47674 

02292 

97708 

33 

28 

50072 

49928 

52368 

47632 

02296 

97704 

32 

29 

50110 

49890 

62410 

47590 

02300 

97700 

31 

so 

9.50148 ! 

10.49852 

9.52452 

10.47548 

10.02304 

9.97696 

30 

31 

50185 j 

49815 

52494 

47506 

02309 

97691 

29 

32 

■ 50223 

49777 

52536 

47464 

02313 

97687 

28 

83 

50261 

49739 

52578 

47422 

02317 

97683 

27 

34 

! 50298 

49702 

52620 

47380 

02321 

97679 

26 • 

35 

9.50336 

10,49664 

9.62661 

10.47339 

10.02326 

9.97674 

25 

36 

50374 

49626 

52703 

47297 

02330 

97670 

24 

37 

50411 

49589 

52745 

47255 

02334 

97666 

23 

38 

60449 

49551 

52787 

47213 

02338 

97662 

22 

39 

50486 

49514 

52829 

47171 

02343 

97657 

21 

40 

9.50523 

10.49477 

9.52870 

10.47130 

10.02347 

9.97653 

20 

41 

50561 

49439 

52912 

47088 

02351 

97649 

19 

42 

5059S 

49402 

52953 

47047 

02355 

97645 

18 

43 

50635 

49365 

52995 

47005 

02360 

97640 

17 

44 

50673 

49327 

53037 

46963 

02364 

97636 

16 

45 

9.60710 

10-49290 

9.53078 

10,46922 

10.02368 

9.97632 

15 

46 

50747 

49253 

63120 

46880 

02372 

97628 

14 

47 

50784 

49216 

! 53161 

46839 

02377 

97623 

13 

48 

50821 

49179 

53202 

46798 

02381 

97619 

12 

49 

60<S58 

49142 

63214 

46766 

02385 

97615 

11 

50 

9.60896 

10.49104 

9.53285 

10.46715 

10.02390 

9.97610 

10 

51 

50933 

49067 

53327 

46673 

02394 

97606 

9 

62 

50970 

49030 

53368 

46632 

02398 

97602 

8 

53 

51007 

48993 

53409 

46591 

02403 

97597 

7 

64 

51043 

48957 

53450 

46550 

02407 

97593 

6 

65 

9.51080 

10.48920 

9.53492 

10.46508 

10.02411 

9.97589 

5 

66 

51117 

48883 

53533 

46467 

02416 

97584 

4 

67 

51154 

48846 

53574 

46426 

02420 

97580 

3 

68 

51191 

48809 

53615 

46385 

02424 1 

97576 

2 

59 

51227 

48773 

53656 

46344 

02429 

97571 

1 

60 

51264 

48736 

53697 

46303 

02433 

97567 

0 

M. 

Cosine. | 

Secant, 

Cotangent. 

Tangent. 

Cosocant. 

Sin©. 

mT 


108® 710 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 271 


19° Log:arithms. 160° 


M. 

Sine. 

Cosecant. 

tangent. 

Cotangent, j 

Secant. 

Cosine. 

31. 

0 

9.51264 

10.48736 

9.53697 

10.46303 

10.02433 

9.97567 

60 

1 

51301 

48699 

53738 

46262 

02437 

97563 

59 

2 

51338 

48662 

53779 

46221 

02442 

97558 

58 

3 

51374 

48626 

53820 

46180 

02446 

97554 

57 

4 

51411 

48589 

53861 

46139 

02450 

97550 

56 

5 

9.51447 

10.48553 

9.53902 

10.46098 

10.02455 

9.97545 

55 

6 

51484 

48516 

63943 

46057 

02459 

. 97541 

54 

7 

51520 

48480 

63984 

46016 

02464 

97536 

53 

8 

51557 

48443 

54025 

45975 

02468 

97532 

52 

9 

51593 

48407 

54065 

45935 

02472 

97528 

51 

10 

9.51629 

10.48371 

9-51106 

10.45894 

10.02477 

9.97523 

50 

11 

61666 

48334 

54147 

45853 

02481 

97519 

49 

12 

51702 

48298 

54187 

45813 

02485 

97515 

48 

13 

51738 

48262 

54228 

45772 

02490 

97510 

47 

14 

51774 

48226 

64269 

45731 

02494 

97506 

46 

15 

9,51811 

10.48189 

9.54309 

10.45691 

10.02499 

9.97501 

45 

16 

51847 

48153 

54350 

45650 

02503 

97497 

44 

17 

51883 

48117 

54390 

45610 

02508 

97492 

43 

18 

51919 

48081 

54431 

45569 

02512 

97488 

42 

19 

51955 

48045 

54471 

45629 

02516 

97484 

41 

20 

9.51991 

10.48009 

9.54512 

10.46488 

10.02521 

9-97479 

40 

21 

62027 

47973 

54552 

45448 

02525 

97475 

39 

22 

52063 

47937 

54593 

45407 

02530 

97470 

38 

23 

52099 

47901 

54633 

45367 

02534 

97466 

37 

24 

52135 

47865 

54673 

45327 

02539 

97461 

36 

26 

9.62171 

10.47829 

9.54714 

10.46286 

10.02513 

9.97457 

35 

26 

52207 

47793 

54754 

45246 

02547 ' 

97453 

34 

27 

52242 

47758 

54794 

45206 

02552 

97448 

S3 

28 

62278 

47722 

64835 

45165 

02556 

97444 

32 

29 

62314 

47686 

54875 

45125 

02561 

97439 

31 

80 

9.52350 

10.47650 

9.54915 

10.45085 

10.02566 

9.97435 

so 

31 

52385 

47615 

54955 

45045 

02570 

97430 

29 

32 

52421 

47579 

64995 

45005 

02574 

97426 

28 

33 

52456 

47544 

55035 

44965 

02579 

97421 

27 

34 

52492 

47508 

55075 

44925 

02583 

97417 

26 

35 

9.52527 

10.47473 

9.55115 

10.44885 

10.02688 

9.97412 

25 

36 

52563 

47437 

55155 

44845 

02592 

97408 

24 

37 

52598 

47402 

55195 

44805 

d2597 

97403 

23 

38 

52634 

47366 

55235 

44765 

02601 

97399 

22 

39 

62669 

47331 

55275 

44725 

02606 

97394 

21 

40 

9.52705 

10.47295 

9-55315 

10-44685 

10.02610 

9-97390 

20 

41 

62740 

47260 

65355 

44645 

02615 

97385 

19 

42 

52775 

47225 

55395 

44605 

02619 

97381 

18 

43 

52811 

47189 

55434 

44566 

02624 

97376 

17 

44 

52846 

47154 

55474 

44526 

02628 

97372 

16 

45 

9.52881 

10.47119 

9.55514 

10.44486 

10.02633 

9.97367 

15 

46 

52916 

47084 

55554 

44446 

02637 

97363 

14 

47 

52951 

47049 

55593 

44407 

02642 

97358 

13 

48 

52986 

47014 

55633 

44367 

02647 

97363 

12 

49 

53021 

46979 

55673 

44327 

0265 L 

97349 

11 

50 

9.53056 

10,46944 

9.55712 

10.44288 

10.02656 

9,97344 

10 

51 

53092 

46908 

55752 

*44248 

02660 

97340 

9 

52 

53126 

46874 

55791 

44209 

02665 

97335 

8 

53 

53161 

46839 

55831 

44169 

02669 

97331 

7 

54 

63196 

46S04 

65870 

44130 

02674 

97326 

6 

55 

9.53231 

10-46769 

9.55910 

10.44090 

10.02678 

9.97322 

5 

56 

53266 

46734 

55949 

44051 

02683 

• 97317 

4 

57 

53301 

46699 

55989 

44011 

02688 

97312 

3 

68 

63336 

46664 

56028 

43972 

02692 

97308 

2 

59 

53370 

46630 

56067 

43933 

02697 

97303 

1 

60 

63405 

46595 1 

56107 

43893 

02701 

97299 

0 

M. 

Cosine. 

Secant, j 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


109 ° 70 ° 
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20® Lograrithms. 159° 


M. 

Sine. 

Cosecant. 

Tangent. 

j Cotangent. 

1 Secant. 

Cosine. 

M. 

0 

9.53405 

10.46595 

9.56107 

10.43893 

10.02701 

9.97299 

60 

1 

53440 

' 46560 

56146 

43854 

02700 

97294 

59 

2 

53475 

46525 

56185 

43815 

02711 

97289 

58 

3 

53509 

46491 

56224 

43776 

02715 

97285 

57 

4 

53544 

46456 

56264 

43736 

02720 

97280 

56 

5 

9.53578 

10.46422 

9-56303 

10.43697 

10.02724 

9.97276 

55 

6 

53613 

46387 

56342 

43658 

02729 

97271 

54 


53647 

46853 

56381 

43619 

02734 

97266 

53 

8 

53682 

46318 

56420 

43580 

02738 

97262 

52 

9 

53716 

46284 

56459 

43541 

02748 

97257 

51 

10 

9.53751 

10-46249 

9.56498 

10.43502 

10.02748 

9.97252 

50 

11 

53785 

46215 

56537 

43463 

02752 

97248 

49 

12 

53819 

46181 

56576 

43424 

02757 

97243 

48 

13 

53854 

46146 

56615 

43385 

02762 

9723S 

47 

14 

53888 

46112 

56654 

43346 

02766 

97234 

46 

15 

9.53922 

10.46078 

9.56693 

10.43307 

10.02771 

9.97229 

45 

16 

53957 

46043 

56732 

43268 

02776 

97224 

44 

17 

53991 

46009 

56771 

43229 

02780 

97220 

43 

18 

54025 

45975 

56810 

43190 

02785 

97215 

42 

19 

54059 

45941 

56849 

43151 

02790 

97210 

41 

20 

9.54093 

10-45907 

9.56887 

10.43113 

10.02794 

9.97206 

40 

21 

54127 

45873 

56926 

43074 

02799 

97201 

39 

22 

64161 

45839 

66966 

43035 

02804 

97196 

38 

23 

54195 

45805 

67004 

42996 

02808 

97192 

37 

24 

54229 

45771 

57042 

42958 

02813 

97187 

86 

25 

9.54263 

10.45737 

9.57081 

10.42919 

10.02818 

9.97182 

35 

26 

54297 

45703 

57120 

42880 

02822 

97178 

84 

27 

54331 

45669 

57158 

42842 

02827 

97173 

33 

28 

54365 

45635 

57197 

42803 

02832 

97168 

32 

29 

54399 

45601 

67235 

42765 

02837 

97163 

31 

30 

9.54433 

10.45567 

9.57274 

10.42726 

10.02841 

9.97159 

30 

31 

54466 

45534 

67312 

42688 

02846 

97154 

29 

32 

54500 

45500 

57351 

42649 

02851 

97149 

28 

33 

54534 

45466 

57389 

42611 

02855 

97145 

27 

34 

54567 

45433 

57428 

42572 

02860 

97140 

26 

35 

9.64601 

10.45399 

9.57466 

10.42534 

10.02865 

9.97135 

25 

36 

54635 

45365 

57504 

42496 

02870 

97130 

24 

37 

64668 

45332 

67543 

42457 

02874 

97126 

23 

38 

54702 

45298 

57581 

42419 

02879 

97121 

22 

39 

54735 

45265 

57619 

42381 

02884 

97116 

21 

40 

9.54769 

1 .10.45231 

9.57658 

10.42342 

10.02889 

9.97111 

20 

41 

54802 

45198 

57696 

42304 

02893 

97107 

19 

42 

54836 i 

45164 

57734 

42266 

02898 

97102 

18 

43 

54869 

45131 

57772 

4222S 

02903 

97097 

17 

44 

54903 

45097 

57810 

42190 

02908 

97092 

16 

45 j 

9.51936 

10.45064 

9.57849 

10.42151 

10.02913 

9.97087 

15 

46 

54969 

45U31 

57887 

42113 

02917 

97083 

14 

47 

55003 

44997 

57926 

42075 

02922 

97078 

13 

48 

55036 

. 44964 

57963 

42037 

02927 

97073 

12 

49 

55069 

44931 

58001 

41999 

02932 

97068 

11 

50 

9.55102 

10.44898 

9.58039 

10.41961 

10.02937 

9.97063 

10 

51 

55136 

44864 

58077 

41923 

02941 

97059 

9 

52 

55169 

44831 

58115 

41885 

02946 

97054 

8 

53 

55202 

44798 

58153 

41847 

02951 

97049 

7 

54 

55235 

44765 

58191 

41809 

02956 

97044 

6 

55 

9.55268 

10.44732 

9.58229 

10.41771 

10.02961 

9.97039 

5 

56 

55301 

44699 

58267 

41733 

02965 

97035 

4 

57 

55334 

44666 

58304 

41696 

02970 

97030 

3 

58 

55367 

44633 

1 58342 

41658 

02975 

97025 

2 

59 

55400 

44600 

58380 

41620 

02980 

97020 

1 

60 

55433 

44567 

68418 

41582 

02985 

97015 

0 

M, 

Cosine. 

, Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine, 

M. 


69 ^ 


It0° 
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2t° Logarithms. 158® 


M. 

8ine. 

Ooaceant. 

1 Tr, r." ■'r.t. 


1 Secant. 

1 Cosine. 

M. 

0 

9.55133 

10.44507 

9.58418 

10.41582 

10.02985 

9.97015 

60 

1 

5546)6 

44534 

58455 

41545 

. 02990 

97010 

59 

2 

55499 

44501 

58493 

41507 

02995 

97005 

58 

3 

55532 

4-1468 

58531 

41469 

02999 

97001 

57 

4 

55564 

44436 

5S509 

41431 

03004 

96996 

66 

5 

9.55597 

10.44403 

9,5S(*,0() 

10.41394 

10.03009 

9.96991 

55 

6 

55630 

44370 

58644 

41356 

08014 

96986 

54 

7 

55663 

44337 

58681 

41319 

03019 

96981 

53 

8 

55695 

44305 

58719 

41281 

03024 

96976 

52 

9 

55728 

44272 

68757 

41243 

03029 

96971 

51 

10 

9.5,5761 

10.44239 

9.58794 

10.41206 

10.03034 

9-96966 

50 

11 

55793 

44207 

58832 

41168 

0303S 

96962 

49 

12 

55826 

44174 

58869 

41131 

03043 

96957 

48 

13 

55858 

44142 

68907 

41093 

03048 

96952 

47 

14 

55891 

44109 

68914 

41056 

03053 

96947 

46 

15 

9,55923 

10.44077 

9.58981 

10.41019 

10.03058 

9.96942 

45 

16 

55956 

44044 

59019 

40981 

03063 

96937 

44 

17 

55988 

44012 

59056 

40944 

03068 

96932 

43 

18 

56021 

43979 

69094 

40906 

03073 

96927 

42 

19 

56053 

43947 

59131 

40869 

03078 

96922 

41 

20 

9.5(5085 

10.43915 

9.59168 

10.40832 

10.03083 

9,96917 

40 

21 

56118 

43882 

69205 

40795 

03088 

96912 

39 

22 

66150 

43850 

59243 

40757 

03093 

96907 

38 

23 

56182 

43818 

69280 

40720 

03097 

96903 

87 

24 

50215 

43785 

59317 

40683 

03102 

96898 

36 

25 

9.56247 

10.43753 

9.59354 

10.40646 

10.03107 

9.96893 

35 

26 

56279 

43721 

59391 

40609 

03112 

96888 

34 

27 

56311 

43689 

59429 

40571 

03117 

96883 

33 

28 

56343 

■43657 

59466 

40534 

03122 

96878 

32 

29 

5(>375 

43625 

59503 

40497 

03127 

96873 

31 

30 

9.5(3408 

10.43592 

9., 59540 

10.40460 

10.03132 

9.96868 

30 

81 

56440 

43560 

59577 

40423 

03137 

i 96863 

29 

32 

56472 

43528 

59614 

40386 

03142 

96858 

28 

33 

56504 

43496 

59651 

40349 

03147 

96853 

27 

34 

56536 

43464 

59688 

40312 

031.52 

96848 

26 

35 

9.56568 

10.43432 

9.59725 

10.40275 

10.03157 

9.96843 

25 

86 

56599 

43401 

59762 

40238 

03162 

96838 

24 

37 

56631 

43369 

59799 

40201 

03167 

96833 

23 

38 

5(5663 

43337 

59S35 

40165 

03172 

96828 

22 

39 

56695 

43305 

69872 

40128 

03177 

96823 

21 

40 

9,56727 

10.43273 

9,59909 

10.40091 

10.03182 

1 9.9(5818 

20 

41 

56759 

43241 

59946 

40054 

03187 

1 96813 

19 

42 

56790 

43210 

59983 

40017 

03192 

! 96808 

18 

43 

66822 

43178 

60019 

39981 

03197 

1 9()803 

17 

44 

56854 

43146 

60056 

39944 

03202 

96798 

16 

45 

9.56886 

10.43114 

9-60093 

10.39907 

10.03207 

9.96793 

16 

46 

66917 

43083 

(>0130 

39870 

03212 

96788 

14 

47 

56949 

43051 

60166 

39834 

03217 

96783 

13 

48 

56980 

43020 

60203 

39797 

03222 

96778 

12 

49 

57012 

42988 

60240 

39760 

03228 

96772 

11 

50 

9.57044 

10.42956 

9.60276 

10.39724 

10.03233 

9.96767 

10 

51 

57075 

42925 

(;0M3 

39687 

03238 

967(52 

9 

62 

57107 

42893 

60349 

39651 

03243 

96757 • 

8 

53 

57138 

42862 

60386 

39614 

03248 

96752 

7 

64 

67169 

42831 

60422 

39578 

03253 

96747 

6 

55 

9.57201 

10.42799 

9.60459 

10.39541 

10.03258 

9.96742 

5 

56 

57232 

42768 

60495 

39505 

03263 

96737 

4 

57 

57264 

42736 

60532 

39468 

03268 

96732 

3 

58 

57295 

42705 

60568 

39432 

03273 

96727 

2 

59 

57326 

42674 

60605 

39395 

03278 

96722 

1 

60 

57358 

42642 

60641 

39359 

03283 

96717 

0 

M. 

Coaine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


I'll® 


68 ® 
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22° Logarithms. 157° 


M. 
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'* Tan .con f. 

0 


10 J2.:i2 

\‘.6 1 1 

] 


. !_■■•> I i 


• > 

53 ; 

125-,' 


.-J 

4 

!■>. 
57 l<:' 



f, 

o.5v.>: ; 

: i j:- :- 


C 

.‘7 *i ;> 

42 ■■■5.5 


7 

.57 57'! 

i.' ; 


j; 

57 ■- -7 

-i2.>'.-5 


o 


42.iDL 


ID 

'.'.■'■.■■■•‘.I' 

1 i'J >-;’ 

2. -.1 ■ ■ 1 

-. ! 

5'. '.T". 

WK'V. V 

*1. ;■! 

TJ 

■57 .'3 1 


70 


;>7 7 

122-3- 

.31 1 :2 

1 1 

.■)771>S 

■i22\i‘. 

.:ij 

j"? 


. i. !217'I 

I'.Ol i- 1 

To 

,■>',>■.".5 

J-J.-l.'. 


17 

■ ■■,‘7.'-‘'-5 

•12' 1 .■• 

I*.' ■ 

3^ 

■57‘.-l 

12.-4 

•‘12:.*2 

39 

.'Cl.' 17 

’ :2!-.>.i 



;'..57'.-74 

12'.22 


21 

.■»S\.5S 

■! i l.'*..«2 

ill.) 

2:> 

O'-.!;-?.) 



2J 


4 I 

.ir.j 

*.» . 

.5SIJL 

I 1-21» 

t ' -■ 

2:-) 



’..5! 1 

2-; 

■ ■-Ml 

: 3 -5- 

•/. I ■'>7;' 

27 

.5^1-; *2 

3 

Ol'il * 

2,' 





■.■..5-2-4 


I-.'."’.; /22 

;r. 

:5,-3:.l 

■i ! :>'.5 

'( I7.V 

;i ' 

.5< 3 




5.-. >75 

■> ■ 

iI"-:!'' 

;j-‘- 

.->- !■. «• 

IMl-I 

r‘. '. 1-1-5 

So 

‘.■.5- 

.1 >. 1 1 


Hi- 

■5S4'T 

4:.5.::i 

«■ 

37 

.5- 11 7 


tOi.Ti 

3& 

.■)-r)_7 

: 1 17.2 

r>2;.< *' 

o<j - 

“vs )rv 

il-!4:i 

(>2 ! :.3 

■JO 


1 1 1 1 1 2 

‘j.«;:.D7y 


.5-''i l- 

IT 2-2 

1 

■42 

5-1 'i Is 

■1 ;.'i52 

.■.ji-:..' 

■i:> 

r>i- i7s 

i:.;-2 


4 1 

.5s /"l ',;) 

■r2.] 

i;22-i 

■l.j 

i*.-j-7;5> 

1 -.1, 

D. >■■ 

-JV) 

,5.''7lV.* 


«.‘.22;.'2 

47 

.■■k-71.',> 





1 Li:! 

i>2 Jt>2 

4J 

5.--.“) 7* 


• Ijl-JD- 

5j 


1 { 1 ! 

!;{:1 

;)i 

5*^1*3 



52 

.>.S1' I'.' 

n; 5i 

.>25.' 1 

5:{ 

5-'.*/ 

4 L.'^3 

•V2 '22 

fl-l 



02)7 1 

5.^ 

Cf.oOD'.i'..* 

3 loj-.- : 

l>..-.2r>l-l‘ 

f)'? 


■iD.'.iJ 

• ■. J!! ! -"> 

57 

■59'. 'J- 

4ii.'' i2 

OJ.-i ' 

,").S 

.5D1 2.- 

;<i-72 

•>2.7 ;.> 

5v 

51)1 5S 

40- i’: '; 

.:-27-)0 


59IS.S 

ID.- i 2 

..■>■2.7.- -5 

3^1. 

'.5' .-iim. 

S«‘!'anl. 

(-■fi.a.n.irwTii. 


112 ° 


' C’.^'taTiorontJ 

' pioofint. 

1 Oo«i no. 

' M. 
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22 
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3..i.;47«.'2l 
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13 
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17 
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10 
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15 
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9(5-177 
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13 
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12 
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10 
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9 
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7 
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■C 
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5 
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3 
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•2 
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1 
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0 
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23 ° 


Logarithms. 


156 ° 


Mj. I _ Sine. |_ Cosecant. || TangAit. | Cotangent.! | Secant. | Cosine, j M. 
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14 

47 
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35585 
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96146 

13 

48 

60589 

39411 

64449 

35551 

03860 

96140 

12 

49 

60618 

39382 

64483 

35517 

03865 

96135 

11 

50 

9.60646 

10.39354 

9.64517 

10.35483 

10,03871 

9.96129 

10 

51 

60675 

39325 

64552 

35448 

03877 

96123 

9 

62 

60704 

39296 

64586 

35414 

03882 

96118 

8 

53 

60732 

39268 

64620 

35380 

03888 

96112 

7 

54 

60761 

39239 

64654 

35346 

03893 

96107 

6 

55 

9.60789 

10.39211 

9.64688 

10.35312 

10.03899 

9.96101 

5 

66 

60818 

39182 

64722 

35278 

03905 

96095 

4 

57 

60846 

39154 

64756 

35244 

03910 

96090 

3 

58 

60876 

39125 

64790 

35210 

03916 

96084 

2 

69 

60903 

39097 

64824 

35176 

03921 

96079 

1 

60 

60931 

39069 

64858 

1 35142 

03927 

96073 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

' Tangent. 

Cosecant. 

Sine. 

M. 


113 ° 


66 ° 
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24® Logarithms. 1 55® 


M. 

Sine. 

j Cosecant. 

Tangent. 

Cotangent. 

1 Secant. 

Cosine. 

M. 

0 

9.60931 

i 10.39069 

9.64858 

10.35142 

10.03927 

9.96073 

60 

1 

60960 

I 39040 

64892 

35108 

03933 

96067 

59 

2 

60988 

I 39012 

64926 

35074 

03938 

96062 

58 

3 

61016 

38984 

1 64960 

35040 

03944 

96056 

57 

4 

61045 

38955 

64994 

35006 

03950 

96050 

56 

6 

9.61073 

10.38927 

9.65028 

10.34972 

10.03955 

9.96045 

55 

6 

61101 

38899 

65062 

34938 

03961 

96039 

54 

.7 

61129 

38871 

65096 

34904 

03966 

96034 

53 

8 

61158 

38842 

65130 

34870 

03972 

96028 

62 

9 

61186 

38814 

65164 

34836 

03978 

96022 

51 

10 

9.61214 

10.38786 

9.65197 

10.34803 

10.03983 

9.96017 

50 

11 

61242 

38758 

65231 

34769 

03989 

96011 

49 

12 

61270 

38730 

65265 

34735 

03995 

96005 

48 

13 

6129S 

38702 

65299 

34701 

04000 

96000 

47 

14 

61326 

38674 

65333 

34667 

04006 

95994 

46 

15 

9.61354 

10.38646 

9.65366 

10.34634 

10.04012 

9.95988 

45 

16 

61382 

38618 

65400 

34600 

04018 

95982 

44 

17 

61411 

38589 

65434 

34566 

04023 

95977 

43 
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61438 

38562 

65467 

34533 

04029 

95971 

42 

19 

61466 

38534 

65501 

34499 

04035 

95965 

41 

20 

9.61494 

10.38506 

9.65535 

10.34465 

10.04040 

9.95960 

40 

21 

61522 

38478 

65568 

34432 

04046 

95954 

39 

22 

61550 

88450 

65602 

34398 

04052 

95948 

38 

23 
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38422 

65636 

34364 

04058 

95942 

37 

24 

61606 

38394 

65669 

34331 

04063 

95937 

36 

25 

9.61634 

10.38366 

9.65703 

10.34297 

10.04069 

9.95931 

35 

26 

61662 

38338 

65736 

34264 

04075 

95925 

34 

27 

61689 

38311 

65770 

34230 

04080 

95920 

S3 

28 

61717 

38283 

65803 

34197 

04086 , 

95914 

82 

29 

61745 

38255 

65837 

34163 

04092 

95908 

81 

so 

9.61773 

10.38227 

9.65870 

10.34130 

10.04098 

9.95902 

30 

SI 

61S00 

3S200 

65904 

34096 

04103 

95897 

29 

S2 

61828 

38172 

65937 

34063 

04109 

95891 

28 , 

S3 

61856 

38144 

65971 

34029 

04115 

9e5885 

27 

34 

61883 

38117 

66004 

33996 

04121 

95879 

26 

35 

9.61911 

! 10.38089 

9.6603S 

10.33962 

10.04127 

9.95873 

25 

36 

61939 

38061 

66071 

33929 

04132 

95868 

24 

37 

61966 

38034 

66104 

33896 

04138 

95862 

23 

38 

61994 

38006 

66138 

3;^62 

04144 

95856 

22 

39 

62021 

37979 

66171 

33829 

04150 

95850 

21 

40 

9.62049 

10.37951 

9.66204 

10.33796 

10.04156 

9.95844 

20 

41 

62076 

37924 

66238 

33762 

04161 

95839 

19 

42 

62104 

37896 

66271 

33729 

04167 

95833 

18 

43 

62131 

37869 

66304 

33696 

04173 

95827 

17 

44 

62159 

37841 

66337 

33663 

04179 

95821 

16 

45 

9.62186 

10.37814 

9.66371 

10.33629 

10.04185 

9.95815 • 

16 

46 

62214 

37786 

66404 

33596 

04190 

95810 

14 

47 

62241 

37759 

66437 

33563 

04196 

95804 

13 

4S 

62268 

37732 

66470 

33530 

04202 

95798 

12 

49 

62296 

37704 

66503 

33497 

04208 

95792 

11 

50 

9.62323 

10.37677 

9.66537 

10.33463 

10.04214 

9.95786 

10 

51 

62350 

37660 

66570 

33430 

04220 

95780 

9 

62 

62377 

37623 

66603 

33397 

04225 

95775 

8 

63 

62405 

37595 

66636 

33364 

04231 

95769 

7 

64 

62432 

37568 

66669 

33331 

04237 

95763 

6 

55 

9.62459 

10.37541 

9.66702 

10.33298 

10.04243 

9.95757 

5 

56 

62486 

37514 

66735 

33265 

04249 

95751 

4 

57 

62513 

37487 

66768 

33232 

04255 

95745 

3 

58 

62541 

37469 

66801 

33199 

04261 

95739 

2 

59 

62568 

37432 

66834 

33166 

04267 

95783 

1 

60 

62595 

37405 

66867 

33133 

04272 

95728 

0 

M. 

Coeiue. 

Secant, j j 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

m7 


65® 
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25° L.ogarithins. 154° 


M. 

^ FtllO. 

1 Coseoarit. 

f Tangent. 

! Cotangent. I 

Secant. 

Cosine. 

M. 

0 

9.62595 

10.37405 

9 66867 

10.33133 

10.04272 

9.95728 

GO 

1 

62622 

37378 

(56900 

33100 

04278 

95722 

59 

•2 

62649 

37351 

66933 

33067 

04284 

95716 

58 

3 

62676 

37324 

66966 

33034 

04290 

95710 

57 

4 

62703 

37297 

66999 

33001 

04296 

95704 

56 

6 

9.62730 

10.37270 

9.67032 

10-32968 

10.04302 

9.95698 

55 

6 

62757 

37243 

67065 

32935 

04308 

95692 

54 

7 

62784 

37210 1 

67098 

32902 

04314 

95686 

53 

8 

62811 

37189 

67131 

32869 

04320 

95680 

52 

9 

62838 

37162 

67163 

32837 

04326 

95674 

51 

10 

9.62865 

10.37135 

9.67196 

10.32804 

10.04332 

9.95668 

50 

11 

62892 

37108 

67229 

32771 

04337 

95663 

49 

12 

62918 

37082 

67262 

32738 

04343 

95657 

48 

13 

62945 

37055 

67295 

32705 

04349 

95651 

47 

14 

62972 

37028 

67327 

32673 

04355 

95645 

46 

15 

9.62999 

10.37001 

9.67360 

10.32640 

10.04361 

9.95639 

45 

16 

63026 

36974 

67393 

32607 

04367 

95633 


17 

63052 

36948 

(57426 

32574 

04373 

95627 

43 

18 

63079 

36921 

67458 

3-2542 

04-379 

95621 

42 

19 

63106 

36894 

' 67491 

32509 

04385 

95615 

41 

20 

9.63133 

10.36<S67 

! 9.67524 

10.32476 

10.04391 

9.95609 

40 

21 

63,159 

36811 

67556 

32444 

04397 

95603 

39 

22 

63186 

36814 

67589 

32411 

04403 

95597 

38 

23 

63218 

36787 

67622 

32378 

04409 

95591 

37 

24 

63239 

36761 

67654 

32346 

04415 

95685 

36 

25 

9,63266 

10.36734 

9.67687 

10.3-2313 

10-04421 

9.95579 

35 

26 

63292 

3670S 

67719 

32-281 

04427 

95573 

34 

27 

63319 

36681 

67752 

32248 

04433 

95567 

33 

28 

63345 

36655 

67785 

3-2215 

04439 

95561 

32 

29 

63372 

36628 

67817 

32183 

04445 

95555 

31 

30 

9.63398 

10.36602 

9.67850 

10-32150 

10.04451 

9.95549 

30 

31 

63425 

36575 

67882 

32118 

04457 

95543 

29 

32 

63451 

36519 

67915 

32085 

04463 

95537 

28 

33 

63478 

36522 

67947 

32053 

04469 

95531 

27 

84 

63504 

36496 

67980 

32020 

04475 

95525 

26 

35 

9.63531 

10.36469 

9.68012 

10.31988 

10.04481 

9.95519 

25 

36 

63557 

36443 

68044 

31956 

04487 

95513 

24 

37 

63583 

36417 

68. <77 

31923 

04493 

95507 

23 

38 : 

63610 

36390 

68109 

31891 

04500 

95500 

22 

39 

63636 

36364 

68142 

31858 

04506 

95494 

21 

40 1 

9.03(362 

10.36338 

9.68174 

10.31826 

10.04512 

9.95488 

20 

41 

63689 

36311 

68206 

31794 

04518 

95482 

19 

42 

63715 

36285 

68239 

31761 

04524 

95476 

18 

43 

63741 

i 36259 

68271 

31729 

04530 

95470 

17 

44 

63767 

36233 

68303 

31697 

04536 

95464 

16 

45 

9.63794 

i 10.36206 

9.68336 

10.31664 

10.04542 

9.95458 

15 

46 

63820 

36180 

68368 

31632 

04548 

95452 

14 

47 

63846 

36154 

68400 

31600 

04554 

95446 

13 

48 

63872 

36128 

68432 

31568 

04560 

95440 

12 

49 

63898 

36102 

684(55 

31535 

04566 

95434 

11 

50 

9.63924 

10.36076 

9.68497 

10.31503 

10.04573 

9.95427 

10 

51 

63950 

36050 

68529 

31471 

04579 

95421 

9 

52 

63976 

36024 

68561 

31439 

04585 

95415 

8 

63 

64002 

35998 

68593 

31407 

04591 

95409 

7 

54 

64028 

35972 

68626 

31374 

04597 

95403 

6 

65 

9.64054 

10.35946 

9.68C68 

10.31342 

10.04603 

9.95397 

5 

56 

64080 

35920 

68690 

31310 

04609 

95391 

4 

57 

64106 

35894 

68722 

31278 

04616 

95384 

3 

58 

64132 

35868 

68754 

31246 

04622 

95378 

2 

59 

64158 

35842 

68786 

31-214 

04628 

95372 

1 

60 

64184 

35816 

68818 

31182 

04634 

95366 

0 

M. 

Cosine. 

Secant. 

Oota-ngent. 

Tangent. 

Cosecant. 

' Sine. 

M. 


115 ° 


64 ° 
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2,6° Logarithms. 153® 


M. 

Sine. 

1 Cosecant, 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.64184 

1 10.35816 

9.6SS1S 

10.31182 

10.04634 

9.95366 

60 

1 

64210 

i 85790 

• 6S850 

31150 

04640 

95360 

59 

2 

64236 

1 35764 

68SS2 

, 31118 

04646 

95354 

58 

3 

64262 

i 85738 

68914 

31086 

046.52 

95348 

57 

4 

64288 

85712 

68946 

31054 

04659 

95,341 

56 

-6 

9.64313 

10.35687 

9.68978 

10-31022 

10.04655 

9.95335 

55 

6 

64339 

35661 

69010 

30990 

04671 

95329 

54 

7 

64365 

85635 

69042 

30958 

04677 

95323 

53 

8 

64391 

35609 

69074 

30926 

04683 

95317 

52 

9 

64417 

85583 

69106 

30894 

04690 

95310 

51 

10 

9.64442 

10.85558 

9.69138 

10.30862 

10.04696 

9.95304 

50 

11 

64468 

85532 

69170 

30830 

04702 

95298 

49 

12 

64494 

35506 

69202 

30798 

04708 

95292 

48 

13 

64519 

35481 

69234 

30766 

04714 

95285 

47 

14 

64545 

35455 

69266 

30734 

04721 

95279 

46 

15 

9.61571 

10.:55429 

9.69298 

10.30702 

10.04727 

9.95273 

45 

16 

64596 

35404 

69329 

30671 

04733 

95257 

44 

17 

64622 

35378 

69361 

30639 

04739 

95251 

43 

18 

64647 

35353 

69393 

30607 

04746 

95254 

42 

19 

64673 

35327 

69425 

30575 

04752 

95248 

41 

20 

9.64698 

10.:55302 

9-69457 

10.30543 

10.04758 

9.9,5242 

40 

21 

64724 

35276 

69488 

30512 

04764 

95236 

39 

22 

64749 

35251 

69520 

30480 

04771 

95229 

38 

23 

64775 

35225 

69552 

30448 

04777 

9.5223 

37 

24 

648U0 

35200 

69584 

30416 

04783 

95217 

36 

25 

9.64826 

10.35174 

9.69615 

10.30385 

10.04789 

9.95211 

35 

26 

64851 

35119 

69647 

30353 

04796 

95204 

34 

27 

64877 

35123 

69679 

30321 

04802 

95198 

S3 

28 

64902 

35098 

69710 

30290 

04808 

95192 

32 

29 

64927 

35073 

69742 

30258 

04815 

95185 

31 

30 

9.64953 

10.35047 

9.69774 

10.30226 

10.04821 

9.95179 

30 

31 

64978 

35022 

69805 

30195 

04827 

95173 

29 

32 

65003 

34997 

69837 

30163 

04833 

95157 

28 

33 

65029 

34971 

69868 

30132 

04840 

9.5150 

27 

34 1 

65054 

34946 

69900 

30100 

04846 

95154 

26 

35 

9.65079 

10.34921 

9.69932 

10.30068 

10.04852 

9.95148 

25 

36 

65104 , 

34896 

69963 

30037 

04859 

95141 

24 

37 

65130 

34870 

69995 

1 30005 

04865 

95135 

23 

38 

65155 

34845 

70026 

1 29974 

04871 

95129 

22 

39 

65180 

34820 

70058 

29942 

04878 

95122 

21 

40 

9.65205 

10.34795 

9.70089 

10.29911 

10.04884 

9-95116 

20 

41 

65230 

34770 

70121 

29879 

04890 

95110 

19 

42 

65255 

34745 

70152 

29848 

04897 

95103 

18 

43 

65281 

34719 

70184 

29816 

04903 

95097 

17 

44 

65306 

34694 

70215 

29785 , 

04910 

95090 

16 

45 

9-65331 

10.34669 

9.70247 

10.29753 

10.04916 

9.95084 

15 

46 

65356 

34644 

70278 

29722 

04922 

95078 

14 

47 

65381 

34619 

70309 

29691 

04929 

95071 

13 

48 

65406 

34594 

70341 

29659 

04935 

95065 

12 

49 

65431 

34569 

70372 

29623 

04941 

95059 

11 

50 

9.65456 

10.34544 

9.70404 

10.29596 

10.04948 

9.95052 

10 

51 

654S1 

34519 

70435 

29565 

04954 

95046 

9 

52 

65506 

34494 

70466 

29534 

04961 

95039 

8 

53 

65531 

34469 

70498 

29502 

04967 

95033 

7 

54 

65556 

34444 

70529 

29471 

04973 

95027 


55 

9.65580 

10.34420 

9.70560 

10.2944f 

10.0498' » 

9.95020 


56 

65605 

34395 

70592 

29408 

04980 

95014 

4 

57 

65630 

34370 

70623 

29377 

04993 

95007 

a» 

58 

65665 

34345 

70654 

29346 

04999 

95001 

2 

59 

65680 

34320 

70685 

29315 

05005 

94995 

1 

60 

65705 

34295 

70717 

29283 

05012 

. 94988 

0 

M. 

Cosine, 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 1 

M. 


ii6° 
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37“ Logarithms. 1S3° 


M. 

Sine. 

Cosecti.nt. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.65705 

10.34295 

9.70717 

10.29283 

10.05012 

9.94988 

60 

1 

65729 

34271 

70748 

29252 

05018 

94982 

59 

2 

65754 

34246 

70779 

29221 

05025 

94976 

5S 

3 

65779 

34221 

70810 

29190 

05031 

94969 

57 

4 

65804 

34196 

70841 

29159 

05038 

94962 

56 

5 

9.65828 

10.34172 

9.70873 

10.29127 

10.05044 

9.94956 

55 

6 

65853 

34147 

70904 

29096 

05051 

94949 

54 

7 

65878 

34122 

70935 

29065 

05057 

94943 

53 

8 

65902 

34098 

70966 

29034 

05064 

94936 

52 

9 

65927 

34073 

70997 

29003 

05070 

94930 

51 

10 

9.65952 

10.34048 

9.71028 

10.28972 

10.05077 

9.94923 

50 

11 

65976 

34024 

71059 

28911 

05083 

94917 

49 

12 

66001 

33999 

71090 

28910 

05089 

94911 

48 

13 

66025 

33975 

71121 

28879 

05096 

94904 

47 

14 

66050 

33950 

71153 

28847 

05102 

94898 

46 

15 

9.66075 

10.33925 

9.71184 

10.28cS16 

10.05109 

9.94891 

45 

16 

66099 

33901 

71215 

28785 

05115 

94885 

44 

17 

66124 

33876 

71246 

28754 

05122 

94878 

43 

18 

66148 

3:«52 

71277 

28723 

05129 

94871 

42 

19 

66173 

33827 

71308 

28692 

05135 

94865 

41 

20 

9.66197 

10.33803 

9.71339 

10.28661 

10.05142 

9.94858 

40 

21 

66221 

33779 

71370 

28630 

05148 

94852 

39 

22 

66216 

83754 

71401 

28599 

05155 

94845 

38 

23 

66270 

33730 

71431 

28569 

05161 

94839 

37 

24 

66295 

33705 

71462 

28538 

05168 

94832 

36 

25 

9.66319 

10.33681 

9.71493 

10.28507 

10.05174 

9.94826 

35 

26 

66343 

33657 

71524 

28476 

05181 

94819 

34 

27 

66368 

33632 

71555 

28145 

05187 

94813 

33 

28 

66392 

33608 

71586 

28414 

05194 

94806 

32 

29 

66416 

83584 

71617 . 

28388 

05201 

94799 

31 

30 

9.66441 

10.33559 

9.71648 

10.28352 

10-05207 

9.94793 

30 

31 

66465 

33535 

71679 

28321 

05214 

94786 

i 29 

32 

66489 

33511 

71709 

28291 

05220 

94780 

28 

33 

66513 

83-187 

71740 

28260 

05227 

94773 

27 

34 

66537 

33463 

71771 

28229 

05233 

94767 

26 

35 

9.66562 

10.33438 

9.71802 

10.28198 

10.05240 : 

9.94760 

25 

36 

66586 

83414 

71833 

‘18167 

05247 1 

94753 

24 

37 

. 66610 

33390 

71863 ^ 

28137 

05253 

94747 

23 

38 

06634 

33366 

71894 

28106 

05260 ' 

94740 

22 

39 

66658 

33342 

71925 

28075 

05266 

94734 

21 

40 

9.66682 

10.33318 

9.71955 

10.‘28045 

10.05273 

9.94727 

20 

41 

66706 

33294 

71986 

28014 

05280 

94720 

19 

42 

66731 

' 33269 

72017 

27983 

05286 

94714 

18 

43 

66755 

33245 

72048 

27952 

05293 

94707 

17 

44 

66779 

33221 

72078 

27922 

05300 

94700 

16 

45 1 

9.66803 

10.33197 

9.72109 

10.27891 

10.05306 

9.94694 

15 

46 

66827 

33173 

72140 

27860 

05313 

94687 

14 

47 

66851 

33149 

72170 

27830 

05320 

94680 

13 

48 

66875 

33125 

72201 

27799 

a5326 

94674 

12 

49 

66899 

33101 

722.31 

27769 

05333 

94667 

11 

50 

9,66922 

10.33078 

9.72262 

10.27738 

10.05340 

9.94660 

10 

51 

66946 : 

33054 

72293 

27707 

05346 

94654 

9 

52 

66970 

33030 

72323 

27677 

05353 i 

94647 

8 

53 

66994 

33006 

72354 

27646 

05360 

94640 

7 

64 

67018 

32982 

72384 

27616 

05366 

94634 

6 

56 

9.67042 

10.32958 

9.72415 

10.27585 

10.06373 1 

9.94627 

6 

56 

67066 

32934 

72445 

27555 

05380 

94620 

4 

57 

67090 

32910 

72476 

27524 

05386 

94614 

3 

58 

67113 

i 32887 

72506 

27194 

05393 

94607 

2 

59 

67137 

32863 

72537 

27463 

05400 

94600 

1 

60 

67161 

32839 

72567 

27433 

05407 

94593 

6 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


It 7° 
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28® Logarithms. 151° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M.' 

0 

9.67161 

10.32839 

9.72567 

10.27433 

10.05407 

9.94593 

60 

1 

67185 

32815 

72598 

27402 

05413 

94587 

59 

2 

67208 

32792 

72628 

27372 

05420 

94580 

68 

3 

67232 

32768 

72659 

27341 

05427 

94573 

57 

4 

67256 

32744 

72689 

27311 

05433 

94567 

56 

5 

9.67280 

10.32720 

9.72720 

10-27280 

10.05440 

9.94560 

55 

6 

67303 

32697 

72750 

27250 

05447 

94553 

54 

7 

67327 

32673 

72780 

27220 

05454 

94546 

53 

8 

67350 

32650 

72811 

27189 

05460 

94540 

52 

9 

67374 

32626 

72841 

27159 

054G7 

94533 

51 

10 

9.67398 

10.32602 

9,72872 

10.27128 

10.05474 

9.94526 

50 

11 

67421 

32579 

72902 

27098 

05481 

94519 

49 

12 

67445 

32555 

72932 

27068 

05487 

94513 

48 

13 

67468 

32532 

72963 

27037 

05494 

94506 

47 

14 

67492 

32508 

72993 

27007 

05501 

94499 

46 

15 

9.67515 

10.32485 

9.73023 

10.26977 

10-05508 

9.94492 

45 

16 

67539 

32461 

73054 

26946 

05515 

94485 

44 

17 

67562 

32438 

73084 

26916 

05521 

94479 

43 

18 

67586 

32414 

73114 

26886 

05528 

94472 

42 

19 

67609 

32391 

73144 

26856 

05535 

94465 

41 

20 

9.67633 

10.32367 

9.73175 

10.26825 

10.05542 

9.94458 

40 

2T 

67656 

32344 

73205 

26795 

05549 

94451 

39 

22 

67680 

32320 

73235 

26765 

05555 

94445 

38 

23 

67703 

32297 

73265 

26735 

05562 

94438 

37 

24 

67726 

32274 

73295 

26705 

05569 

94431 

36 

25 

9.67750 

10.32250 

9.73326 

10.26674 

10.05576 

9.94424 

35 

26 

67773 

32227 

73356 

26644 

05583 

94417 

34 

27 

67796 

32204 

73386 

26614 

05590 

94410 

33 

28 

67820 

32180 

73416 

26584 

05596 

94404 

32 

29 

67843 

32157 

73446 

26554 

05603 

94397 

31 

SO 

9.67866 

10.32134 

9.73476 

10.26524 

10.05610 

9.94390 

30 

SI 

67890 

32110 

73507 

26493 

05617 

94383 

29 

S2 

67913 

32087 

73537 

26463 

05624 

94376 

28 

83 

67936 

32064 

73567 

26433 

05631 

94369 

27 

S4 

67959 

32041 

73597 

26403 

05638 

94362 

26 

35 

9.67982 

10.32018 

9.73627 

10.26373 

10.00645 

9.9-=t355 

25 

36 

68006 

81994 

73657 

26343 

05651 

94349 

24 

37 

68029 

1 31971 

73687 

26313 

0o658 

9-i342 

23 

38 

68052 

i 31948 

73717 

26283 

05665 

9^335 

22 

39 

68075 

1 31925 

73747 

26253 

0o672 

9e:328 

21 

40 

9.68098 

^ 10.31902 

9.73777 

10.26223 

10.0o679 

9.94321 

20 

41 

68121 

31879 

73807 

26193 

0o6S6 

94314 

19 

42 

68144 

31856 

73837 

26163 

0d693 

94307 

18 

43 

68167 

31833 

73867 

26133 

05700 

94300 

17 

44 

68190 

31810 

73897 

26103 

05707 

94293 

16 

45 

9.68213 

10.31787 

9.73927 

10.26073 

10.0O714 

9.94286 

15 

46 

68237 

31763 

73957 

26043 

05721 

94279 

14 

47 

68260 

. 31740 

73987 

26013 

05727 

94273 

13 

48 

68283 

31717 

-74017 

25983 

05734 

94266 

12 

49 

68305 

31695 

74047 

25953 

05741 

94259 

11 

60 

9.68328 

10.31672 

9.74077 

10.25923 

10.05748 

9.94252 

10 

61 

68351 

31649 

74107 

25893 

05755 

94245 

9 

62 

■ 68374 

31626 

74137 

25863 

05762 

94238 

"8 

53 

68397 

31603 

74166 

25834 

05769 

94231 

"7 

54 

68420 

31580 

74196 

25804 

05776 

94224 

6 

55 

9.68443 

10.31557 

9.74226 

10-25774 

10.05783 

9.94217 

5 

56 

68466 

31534 

74256 

25744 

05790 

94210 

4 

57 

68489 

31511 

74286 

25714 

05797 

94203 

3 

58 

68512 

31488 

74316 

25684 

05804 

94196 

2 

69 

68534 

31466 

74345 

25655 

05811 

94189 

1 

60 

68557 

31443 

74375 

•25625 

05818 

•94182 

0 

M. 

Cosine. 

Secant, j 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


118 ® 
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29° Lojg^aritliins. 150° 


>1. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine- 

M. 

0 

9.68557 

10.31443 

9.74375 

10.25625 

10.05818 

9.94182 

60 

1 

68580 

31420 

74405 

25595 

05825 

94175 

59 

2 

68603 

31397 

74435 

26565 

05832 

94168 

58 

3 

68625 

31375 

74465 

25535 

05839 

94161 

57 

4 

6S648 

31352 

74494 

25506 

05846 

94154 

56 

6 

9.68671 

10.31329 

9.74524 

10.25476 

10.05853 

9.94147 

55 

6 

68694 

31306 

74554 

25446 

05860 

94140 

54 

7 

68716 

31284 

745S3 

25417 

05867 

94133 

53 

8 

68739 

31261 

74613 

25387 

05874 

94126 

52 

9 

68762 

31238 

74643 

25357 

05881 

94119 

51 

10 

9.68784 

10.31216 

9.74673 

10.25327 

10.05888 

9.94112 

50 

11 

68807 

31193 

74702 

25298 

05895 

94105 

49 

12 

68829 

31171 

74732 

25268 

05902 

94098 

48 

13 

68852 

31148 

74762 

25238 

05910 

94090 

47 

14 

68875 

31125 

74791 

25209 

05917 

94083 

46 

15 

9.68897 

10.31103 

9.74821 

10.25179 

10.05924 

9.94076 

45 

16 

68920 

310S0 

74851 

25149 

05931 

94069 

44 

17 

68942 

31058 

74880 

25120 

05938 

94062 

43 

18 

68965 

31035 

74910 

25090 

05945 

94055 

42 

19 

68987 

31013 

74939 

25061 

05952 

94048 

41 

20 

9.69010 

10.30990 

9.74969 

10.25031 

10.05959 

9.94041 

40 

21 

69032 

30968 

74998 

25002 

05966 

94034 

39 

22 

69055 

30945 

75028 

24972 

05973 

94027 

38 

23 

69077 

30923 

75058 

24942 

05980 

94020 

37 

24 

69100 

30900 

7.5087 

24913 

05988 

94012 

36 

25 

9.69122 

10.30878 

9.75117 

10.24883 

10.05995 

9.94005 

35 

26 

69144 

30856 

76146 

24854 

06002 

93998 

34 

27 

69167 

30833 

75176 

24824 

06009 

93991 

33 

28 

69189 

30811 

75205 

24795 

06016 

93984 

32 

29 

69212 

30788 

75235 

24765 

06023 

93977 

31 

30 

9,69234 

10.30766 

9.75264 

10.24736 

10.06030 

9.93970 

30 

31 

69256 

30744 

75294 

24706 

06037 

93963 

29 

32 

69279 

30721 

76323 

24677 

06045 

93966 

28 

33 

69301 

30699 

75353 

24647 

06052 

93948 

27 

34 

69323 

80677 

75382 

24618 

06059 

93941 

26 

35 

9,69345 

10.30655 

9.75431 

10.24589 

10.06066 

9.93934 

25 

36 

69368 

■ 30632 

75441 

24559 

06073 

93927 

24 

37 

69390 

30610 

75470 

24630 

06080 

93920 

23 

38 

69412 

30588 

75500 

24500 

06088 

93912 

22 

39 

09434 

30566 

75529 

24471 

06095 

93905 

21 

40 

9.69456 

10.30544 

9.75558 

1 10.24442 

10.06102 

9.93898 

20 

41 

69479 

30521 

75588 

! 24412 

06109 

! 93891 

19 

42 

69501 

30499 

75617 

24383 

06116 

93884 

18 

43 

69523 

30477 

75647 

24353 

06124 

93876 

17 

44 

69545 

30455 

75676 

1 24324 

06131 

93869 

16 

45 

9.69567 

10.30433 

9.75705 

i 10.24295 

10.06138 

9.93862 

15 

46 

69589 

30411 

75735 

1 24265 

06145 

93855 

14 

47 

69611 

30389 

75764 

24236 

06153 

93847 

13 

48 

69633 

30367 

75793 

24207 

06160 

93840 

12 

49 

69655 

30345 

75822 

I 24178 

06167 

93833 

11 

50 

9.69677 

10.30323 

9.75852 

10.24148 

10.06174 

9.93826 

10 

61 

69699 

30301 

75881 

1 24119 

06181 

i 93819 

9 

52 

69721 

30279 

75910 

24090 

06189 

93811 

8 

53 

69743 

30257 

75939 

24061 

06196 

93804 

7 

54 

69765 

30235 

75969 

24031 

06203 

93797 

6 

65 

9.69787 

10.30213 

9.75998 

10.24002 

10,06211 

9.93789 

5 

56 

69809 

30191 

76027 

23973 

06218 

93782 

4 

57 

69831 

30169 

76056 

23944 

06225 

93775 

3 

68 

69853 

30147 

76086 

1 23914 

06232 

93768 

2 

69 

69875 

30125 

76115 

23885 

06240 

93760 

1 

60 

69897 

30103 

76144 

23856 

06247 

93753 

0 


Cosine. 

[ Secant. 

Cotangent. 

Tangent- 

Cosecant. 

Sine. 

M. 


119 ° 


60° 
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30® Logarithms. 149® 


M. 

Sine. 

Cosecant. 

i Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.69S97 

10.30103 

9.76144 

10.23856 

10.06247 

9.93753 

60 

1 

69919 

SOOSl 

76173 

23827 

06254 

93746 

59 

2 

69941 

30059 

76202 

23798 

06*262 

93738 

58 

3 

69963 

30037 

76231 

23769 

06269 

93731 

57 

4 

69984 

30016 

76261 

23739 

06*276 

93724 

56 

5 

9.70006 

10.29994 

9.76290 

10.23710 

10.06283 

9.93717 

65 

6 

70028 

29972 

76319 

23681 

06291 

93709 

54 

7 

70050 

29950 

76348 

23652 

06*298 

937 02 

53 

8 

70072 

29928 

76377 

23623 

06305 

93695 

62 

9 

70093 

29907 

76406 

23594 

06313 

98687 

51 

10 

9.70115 

10.29885 

9.76435 

10.23565 

10.06320 

9.93680 

60 

11. 

70137 

29863 

76464 

23536 

06327 

93673 

49 

12 

70159 

29841 

76493 

23507 

06335 

93665 

48 

13 

70180 

29820 

76522 

23478 

06342 

93658 

47 

14 

70202 

29798 

76551 

23449 

06350 

93650 

46 

15 

9.70224 

10.29776 

9.76580 

10.23420 

10.06357 

9.93643 

45 

16 

70245 

29755 

76609 

23391 

06364 

93636 

44 

17 

70267 

29733 

76639 

23361 

06372 

93628 

43 

18 

70288 

29712 

76668 

23332 

06379 

93621 

42 

19 

70310 

29690 

76697 

23303 

06386 

93614 

41 

20 

9.70332 

10.29668 

9.76725 

10.23275 

10.06394 

9.93606 

40 

21 

70353 

29647 

76754 

23246 

06401 

93599 

39 

22 

70375 

29625 

76783 

23217 

06409 

93591 

88 

23 

70396 

29604 

76812 

23188 

06416 

93584 

37 

24 

70418 

29582 

76841 

23159 

06423 

93577 

36 

25 

9.70439 

10.29561 

9.76870 

10.23130 

10.06431 

9.93569 

35 

26 

70461 

29539 

76899 

23101 

06438 

93562 

84 

27 

70482 

29518 

76928 

23072 

06446 

93554 

83 

28 

70504 

29496 

76957 

23043 

06453 

93547 

82 

29 

70525 

29475 

76986 

23014 

06461 

93539 

31 

30 

9.70547 

10.29453 

9.7.7015 

10.22985 

10.06468 

9.93532 

30 

31 

70568 

29432 

77044 

22956 

06475 

93525 

29 

32 

70590 

1 29410 

77073 

22927 

06483 

93517 

28 

33 

70611 

29389 

77101 

22899 

06490 

93510 

27 

34 

70633 

29367 

77130 

22S70 

06498 

93502 

26 

35 

9.70654 

10.29346 

9.77159 

10.22841 

10.06505 

9.93495 

25 

36 

70675 

29325 

77188 

22812 

06513 

93487 

24 

37 

70697 

' 29303 

77217 

22783 

06520 

93480 

23 

38 

70718 

29282 

77246 

22754 

06528 

93472 

22 

39 

70739 

29261 

77274 

22726 

06535 

93465 

21 

40 

9.70761 

10.29239 

9.77303 

10.22697 

10.06543 

9.93457 

20 

41 

70782 

29218 

77332 

22668 

06550 

93450 

19 

42 

70803 

29197 

77361 

22639 

06558 

93442 

18 

43 

70824 

29176 

77390 

22610 

06565 

93435 

17 

44 

70846 

29154 

77418 

22582 

06573 

93427 

16 

45 

9.70867 

10.29133 

9.77447 

10.22553 

10,06580 

9.93420 

16 

46 

70888 

29112 

77476 

22524 

06588 

93412 

14 

47 

70909 

29091 

77505 

22495 

06595 

93405 

13 

48 

70931 

29069 

77533 

22467 

06603 

93397 

12 

49 

70952 

29048 

77562 

22438 

06610 

93390 

11 

50 

9.70973 

10.29027 

9.77591 

10.22409 

10.06618 

9.93382 

10 

51 

70994 

29006 

77619 

223S1 

06625 

93375 

9 

52 

71015 

28985 

77648 

2*2352 

06633 

93367 

8 

53 

71036 

28964 

77677 

22323 

06640 

93360 

7 

54 

71058 

28942 

77706 

2*2*294 

06648 

93362 

6 

55 

9.71079 

10.28921 

9.77734 

10.22266 

10.06656 

9.93344 

5 

56 

71100 

28900 

77763 

22237 

06663 

93337 

4 

57 

71121 

28879 

77791 

22209 

06671 

93329 

3 

58 

71142 

28858 

77820 

2*2180 

06678 

93322 

2 

59 

71163 

28837 

77849 

22151 

06686 

93314 

1 

60 

71184 

28816 

77877 

22123 

06693 

93307 

0 

M- 

Cosine. 

Secant. 

Cotangent, 

Tangent. 

Cosecant. 

Sine. 

mT 


120® Spo 
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31° Lograrithms. 148° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.71184 

10.28816 

9.77877 

10.22123 

10.06693 

9.93307 

60 

1 

71205 

28795 

77906 

22094 

06701 

93299 

59 

2 

71226 

28774 

77935 

22065 

06709 

93291 

58 

3 

71247 

28753 

77963 

22037 

06716 

93284 

57 

4 

71268 

28732 

77992 

22008 

06724 

93276 

56 

6 

9.71289 

10.28711 

9.78020 

10.21980 

i 10.06731 

9.93269 

55 

6 

71310 

28690 

78049 

21951 

06739 

93261 

54 

7 

71331 

28669 

78077 

21923 

06747 

93253 

53 

8 

71352 

28648 

78106 

21894 

06754 

93246 

52 

9 

71373 

2S627 

78135 

21865 

06762 

98238 

51 

10 

9.71393 

10.28607 

9.78163 

10.21837 

10.06770 

9.93230 

50 

11 

71414 

2S5R6 

78192 

21808 

06777 

93223 

49 

12 

71435 

28565 

78220 

21780 

06785 

93215 

48 

13 

71456 

28544 

78249 

21751 

06793 

93207 

47 

14 

71477 

28523 

78277 

21723 

06800 

93200 

46 

15 

9.71498 

10.28502 

9.78306 

10.21694 

10.06808 

9.93192 

45 

16 

71519 

28481 

78334 

21666 

06816 

93184 

44 

17 

71539 

28461 

78363 

21637 

06823 

93177 

43 

18 

71560 

28440 

78391 

21609 

06831 

93169 

42 

19 

71581 

28419 

78419 

21581 

06839 

93161 

41 

20 

9.71602 

10.28398 

9.78448 

10.21552 

10.06846 

9.93154 

40 

21 

71622 

28378 

78476 

21524 

06854 

93146 

39 

22 

71643 

28357 

78505 

21495 

06862 

93138 

38 

23 

71664 

28336 

78533 

21467 

06869 

93131 

37 

24 

71685 

28315 

78562 

21438 

06877 

93123 

36 

25 

9.71705 

10.28295 

9.78590 

10.21410 

10.06885 

9.93116 

35 

26 

71726 

28274 

78618 

21382 

06892 

93108 

34 

27 

71747 

28253 

78647 

21353 

06900 

93100 

33 

28 

71767 

28233 

78676 

21325 

06908 

93092 

32 

29 

71788 

28212 

78704 

21296 

06916 

93084 

31 

30 

9.71809 

10.28191 

9.78732 

10.21268 

10.06923 

9.93077 

SO 

31 

71829 

28171 

78760 

21240 

06931 

93069 ; 

29 

32 

71850 

28150 

78789 

21211 

06939 

93061 i 

28 

33 

71870 

28130 

78817 

21183 

06947 

93053 

27 

34 

71891 

28109 

78845 

21155 

06954 

93046 

26 

35 

9.71911 

10,28089 

9.78874 

10.21126 

10.06962 

9,93038 

25 

36 

71932 

28068 

78902 

21098 

06970 

93030 

24 

37 

71952 

28048 

78930 

21070 

06978 

93022 

23 

38 

71973 • 

28027 

78959 

21041 

06986 

93014 

22 

39 

71994 

28006 

789S7 

21013 

06993 

93007 

21 

40 

9.72014 

10.27986 

9.79015 

10.20985 

10.07001 

9.92999 

20 

41 

72034 

27966 

79043 

20957 

07009 

92991 

19 

42 

72055 

27945 

79072 

20928 

07017 

92983 

18 

43 

72075 

27925 

79100 

20900 

07024 ■ 

92976 

17 

44 

72096 

27904 

79128 

20872 

07032 

92968 

16 

45 

9.72116 

10.27884 

9.79156 

10.20844 

10.07040 

9.92960 

15 

46 

72137 

27863 

79185 

20815 

07048 

92952 

14 

47 

72157 

27843 

79213 

20787 

07056 

92944 

13 

48 

72177 

27823 

79241 

20759 

07064 

92936 

12 

49 

72198 

27802 

79269 

20731 

07071 

92929 

11 

50 

9.72218 

10.27782 

9.79297 

10.20703 

10.07079 

9.92921 

10 

51 

72238 

27762 

79326 

20674 

070S7 

92913 

9 

52 

72259 

1 27741 

79354 

20646 

07095 

92905 

8 

53 

72279 

27721 

79382 

20618 

07103 

92897 

7 

54 

72299 

1 27701 

79410 

20590 

07111 

92889 

6 

65 

9.72320 

i 10.27680 

9.79438 

10.20562 

10.07119 

9.92881 

5 

56 

72340 

i 27660 

. 79466 

20534 

07126 

92874 

4 

57 

72360 

27640 

79495 

20505 

07134 

92866 

3 

58 

1 72381 

27619 

79523 

20477 

07142 

9285S 

2 

59 

72401 

27599 

79551 

20449 

07150 

92850 

1 

60 

72421 

27579 

79579 

1 20421 

07158 

92842 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine, 

M. 


121 ° 


58° 
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32® 



Logarithms. 



147° 

M. ■ 


(■--■■cifi:. 

Tsi'i -O':-.. 

‘-cr-iir. 

.8. j-a-i l. 


M. 

0 

y.T'‘121 

19.27579 

9. 7. TO* 

... .V.,.., 


<1 

00 

I. 

T2:;i 

27 ‘'.O:* 

7:>'i**7 

2'; 

0:1 >■ 

9:?.".34 

59 

2 

72 i 

•‘7:^3''» 

'. ■.■■*.2‘."> 

:>■■>.'> 

I.."; . ! 

9282* 

58 

3 

72; "2 

■.V, 1 

7'.‘'.5 ■:» 

'2. 

I ’T'." ’ 

0-.\8 1,', 

.)< 

1 

V.!.'‘02 

■.’7-1 '.•■■' 

7'>;'9 ! 

■2'. 

1 -7; 

■"' 


5 

9. : 2."*22 


92. 9719 

:0.2 

r S'.’7 

9.;.'2"', 

.)o 

6 

7-i5;2 

li'.' 

79717 

2-;.i >3 

i ;«T -2; .3 

9 :','9-5 

.54 


72." ■ ".2 


Tv*V- 

2. 221 

■..■721 .» 

's“!27'^7 

.5:1 

3 

72,)'^ 2. 

27 ; I > 

7 Or'.; V 

29190 

! '■- 2‘21 

9277'.* 

,52 

<1 

72!,i -2 

■27:19< 

■J 9.8:32 

2010" 

, '7'2-.:.‘ 

92771 

oi 

10 

9.72i‘.22 


9.79,- ;n 

10.2. -M * 


'.;'.927'.;:; 

■PO 

11 

72*: 13 

T.:}-)/ 

7.’S8S 

‘.’■.■; i'2 

07- ? ! 5 

92'.'.).5 

■10 

12 

7 Vit;3 

27,?.5T 

■. .‘9 : 0. 

2-2« 1" 1 

(.'72.'-:> 

9':7 i7 

4S 

13 

72r.';:> 

■27.3 7 

7J9; 1 

■-'.V 

O'. 2i“- ; 


17 

11 

"27 ■ > 


"■111, •> 

2’,««;-.8 

072i 9 

■.■■..!7:‘.l 

■lo 

1."> 

9.72723 

"9. '272. 7 

9.." 8'» 

10.20..,.t 

:0. 1*7277 

Cl ■l■■7■>:; 

-I') 

lr> 

■,27;. 3 

■.172.57 

J. J| 

I 9‘.>72 

I. '7. 

027:. 5 

4i 

17 

727 '.3 

272.i7 


19'i J : 

0729:5 

027 -...T 

-i:'> 

18 

72783 

■2721 7 

.8..‘r-8l 

19910 

07: :o ; 

9-2''.99 

4-.> 

I'J 

7-2>.' 3 

'27 : '..‘7 

>1 l1 ' 1> 

!9"8" 

07:?09 

02';91 

■11 

20 

■j.72j-'3 

".'..'.-J-, 1'. 7 


1(i.i-H-M*.9 

' 

9.02';8:5 

ll) 

21 

728:. -3 

27 1 .57 

8 -l-'.^ 

19":i2 

07: •■2.-) 

029. ,i 

39 


72S.;3 

■.’7'1:17 

,8:’i9"> 

19"'.i:i 

oi:;:5.) 

02007 

38 

2,1 

72,8 ■'3 

“-17 1 1 7 

22:> 

19 .'7 7 

07.-; 'll 

0-2(>59 

37 

2-1 

7. •9, '2 

27i .-. -S 

8-.*:2.»1 

797 :9 

07:; J'.I 

92' 5.51 

3i> 

2.-) 

9.7292.? 

no.2Vi-7,s 


10.79721 

J0.ii7.r)7 

•.•.■.j2*;I3 

3.5 

2'i 

7--0 ;•# 

•2:().'’S 


1900:1 

1'7;m’i.5 

02'>:;.) 

:n 

21' 

729, ‘2 

- < O'vS 

8 .■:> ;:> 

lOOO") 

07. '.7.; 

02(;27 

3:) 

2.i 

729''2, 

270 ; 8 

,8 J-M3 

19«.>:>7 


920 :o 

:v> 

2j 

3002 

2-;’,’98 


i 9o'j9 

07:-;" 9 

020- 1 I. 

31 

30 

9.V,^022 

, 10.2097.8 

9.-80 r. 9 

1 0.1 9.5" L 

7.).' -7:597 

'.,».02t;(i:J 

;.10 

31 

i 

l?iS9.59 

.8(, I ;7 

1 9: ..5.3 

‘■7-1 0.5 

92.5<,'.> 

29 

3-2 


20930 

."0171 

•19320 

■.■v-:i:; 

02, >"7 

2.S 

33 

72,0^1 

20'.;10 

82. >02 

* 9 t98 

• ■7 ;■*' 

P2..->70 

■•>7 

34 

73101 

20<90 


JO 170 

07:29 

'.-2.571 

•i>G 

3.1 

9.V3!21 

10.20879 

9..8i..V'.S 

.10.! •2412 

J,). 7::'57 

9.9250;J 

2.5 

3«i 

731-10 


8' 

1911 1 

!■"> 

02.">."'."> 

21 

37 

731 (?0 

20." 35 

,"■•■■>1 1 

19: ISO 

i’7:.")i 

o-.’.vio 

2;i 

38 

73180 

-•;82^0 

30':-12 

:9:58 

07-i',;2 

9-.-.3:48 

•>■> 

30 

732C0 

•.•O.": 0 


19.531 

O'. 1.5> 

925::0 

21 

-iO 

9.7:‘219 

1 ;.207"I 

9.80097 

39.7 9:50:1 

1 .■.■:7 178 

0.92522 

20 

■11 


207i‘l 

fr:'725 

l'.'.'7.» 

0. I'r-J 

9231 i 

10 

4-.: 

722-' 

207!! 

807,',‘3 

192; 7 

07 : 9 I 

92521) 

13 

-13 

73.17'' 

2r.722 

«-..’7M 

.19219 

(. 7.502 

9JI08 

17 


7329'.8 

■'O’. '■■? 

■" 

!9l92 

07519 

92 

10 

■io 

9.73318 

10.200"2 

Cl. 

10.-9i-;4 

10.('7.5:.'? 

9. 924 ."2 

15 

4<1 

72,.i.3V 

20()':.? 

: I 

:9I:>0 

c -7. -27 

92 iV;; 

14 

47 

7.;:v-7 

20'. > !:> 


T..*l(',8 

(■v-;- ;.■> 

9:: 105 

l;} 

■18 

733 1 7 

2.:023 

j'.* - 0 

i-j(.'l 

f'7.':;:i 

9Ji;>7 

12 

■19 

733’., ■■> 

■2(‘.00 1 

8()9:7 

.L9U.53 

t -p- >1 

02-M9 

:ii 

50 

9.7.'' 11 3 

H'.20.-->."1 


79. 190;».5 

i''.i.'7r).50' 

9.92111 

10 

;>1 

7313:1 

2o:v‘-) 

8! .t.-} 

1 "9'.*7 

07 ."■‘.7 

92133 

9 

52 

72,4.5:) 

L’ci.'j-:") 

".l-liO 

18970 

17.57.5 

92i:>5 

s 

53 

7317; 

■2'1.V2'} 

8.' -.iS 

1 -rO !2 

(■■7.'."l 

02-:ii5 


51 

73-; 94 


S1 98’ : 

i'^91 i 

07.-)',-2 

lf2 iO'-S 

G 

5.5 ! 

9.7.351:1 

1 <.*.2f‘.l"7 

■ 9.8 1: 1-3 

: 0, 1 ".""7 

10.1 .70' -0 

<,l.;*2TyO 

5 

5G 1 

73-533 

■.'1>I07 

81141 

1 8:j.j0 

i'7i; 8 

0 ‘-■;9 * 

•4 

57 j 

7:3i:>2 

2«M 18 

S I 1 ' ‘.9 

l''":,l' 

ori.;:*; 

92384 

3 

oS I 

73-")72 

20128 

Slil--1 

l''SOI 

t*70J 4 

9.i370 

2 

,50 i 

73591 


»I22: 


( 70.:;:5 

92:ii)7 

I 

fiO ■ 

7;ir' .1 1 

2i;:j"9 

.812.52 

I. "7-; 8 

971 ;.i 

92;>.59 

0 

M. 

Ci.-iiic-. 

Sc-o.aii t . 

Cotaiiiri-nr. 

Tan;rrrir. 


."irie. 

:\r. 

722® 







57 ° 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 285 


33° Logarithms. ' 146° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent.! 

Secant. 

Cosine. 


0 

9.73611 , 

10.263891 

9.81252 

10.18748 

10.07641 

9.92359 

60 

1 

73630 

26370 

81279 

18721 

07649 

92351 

59 

2 

73650 

26350 

81307 

18693 

07657 

92343 

58 

S 

73069 

26331 

81335 

18665 

07665 

92335 

57 


736S9 

26311 

81362 

18638 

07674 

92326 

56 

5 

9.73708 

10.26292 

9.81390 

10.18610 

10.07682 

9.92318 

55 

6 

73727 

26273 

81418 

18582 

07690 

92310 

54 

7 

73747 

26253 

81445 

18555 

07698 

92302 

53 

8 

73766 

26234 

81473 

ia527 

. 07707 

92293 

52 

9 

73785 

26215 

81500 

18500 

07716 

92285 

51 

10 

9.73805 

10.26195 

9.81528 

10.18472 

10.07723 

9.922/7 

50 

11 

73824 

26176 

81656 

18444 

07731 

92269 

49 

12 

73S43 • 

26157 

81583 

18417 

07740 

922t)0 

48 

13 

; 73863 

26137 

81611 

18389 

07748 

92252 

47 

14 

73882 

26118 

81638 

18362 

07756 

92244 

46 

15 

9.73901 

10.26099 

9.81666 

10.18334 

10.07765 

9.92235 

45 

16 

73921 

26079 

81693 

18307 

07773 

92227 

44 

17 

73940 

26060 

S1721 

18279 

07781 

92219 

43 

IS 

73959 

26041 

81748 

18252 

07789 

92211 

42 

19 

73978 

26022 

81776 

18224 

07798 

92202 

41 

20 

9.73997 

10.26003 

9.81803 

10.18197 

10.07806 

9.92194 

40 

21 

74017 

25983 

81831 

18369 

07814 

92186 

39 

22 

74036 

25964 

81858 

18142 

07823 

92177 

38 

23 

74056 

25945 

81886 

18114 

07831 

92169 

37 

24 

’ 74074 

25926 

81913 

18087 

07839 

92161 

36 

25 

9.74093 

10.25907 

9.81941 

10.18059 

10.07848 

9.92162 

35 

26 

74113 

25887 

81968 

18032 

07856 

92144 

34 

27 

74132 

26868 

81996 

18004 

07864 

92136 

33 

28 

74151 

25849 

82023 

17977 

07873 

92127 

32 

29 

74170 

25830 

82051 

17949 

07881 

92119 

31 

30 

9.74189 

10.25811 

9.82078 

10.17922 

10.07889 

9.92111 

80 

31 

74208 

25792 

82106 

17894 

07898 

92102 

29 

32 

74227 

25773 

82133 

17867 

07906 

92094 

28 

33 

74246 

25754 

82161 

17839 

07914 

92086 

27 

34 

74266 

25735 

82188 

17812 

07923 

92077 

26 

35 

9.74284 

10.25716 

9.82215 

10.17785 

10.07931 

9.92069 

25 

36 

74303 

25697 

82243 

17767 

07940 

92060 

24 

37 

! 74322 

25678 

82270 

17730 

07948 

92052 

23 

38 

74341 

25659 

82298 

17702 

07956 

92044 

22 

89 

74360 

25640 

82325 

17675 

07965 

92035 

21 

40 

9.74379 

10.25621 

9.82352 

10.17648 

10.07973 

9.92027 

20 

41 

74398 

25602 

82380 

17620 

07982 

92018 

19 

42 

74417 

25583 

82407 

17593 

07990 

92010 

18 

43 

7^4436 

25564 

82435 

17565 

07998 

92002 

17 

44 

74455 

25545 

82462 

17538 

08007 

91993 

16 

45 1 

9.74474 

10.25526 

9.82489 

10.17511 

10.08015 

9.919S5 

16 

46 i 

74493 

25507 

82517 

17483 

08024 

91976 

14 

47 

74512 

25488 

82644 

17466 

08032 

91968 

13 

48 

74531 

25469 

82571 

17429 

08041 1 

91959 

; 12 

49 

74549 i 

25451 

82599 

17401 

08049 I 

91951 

! 11 

50 

9.74568 

10.25432 

9.82626 

10.17374 

10.08058 

9.91942 

; 10 

51 • 

74587 j 

25413 

82653 • 

17347 

08066 

91934 

9 

52' 

74606 ! 

25394 

82681 

17319 

08075 

91925 

8 

63 

74625 

25375 

82708 ; 

17292 

08083 

91917 

1 7 

54 

74644 

25356 

82735 

17265 

08092 

91908 

6 

65 

9.74662 

10.25338 

9.82762 I 

10.17238 

10.08100 

9.91900 

5 

56 

74681 

25319 

82790 

17210 

08109 

91891 

i i 

67 

74700 

25300 

82817 

17183 

08117 

91883 

' S 

68 

74719 

25281 

82844 1 

17156 

08126 1 

91874 

i 2 

69 

74737 

25263 

82871 1 

17129 

08134 1 

91866 

1 

€0 

74756 

25244 

82899 

17101 

08143 

91857 

1 0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine, 

! M. 


S6° 



286 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


34 ° Losrarithms* 145® 


M. 

Sine. 

Cosecant. 

■ Tang^ent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.74756 

10.25244 

9.82899 

10.17101 

10.08143 

9.91857 

60 

1 

74775 

25225 

82926 

17074 

08151 

91849 

59 

2 

74794 

25206 

82953 

17047 

08160 

91840 

58 

3 

74Si;2 

25188 

82980 

17020 

08168 

91832 

57 

4 

74831 

25169 

83008 

16992 

08177 

91823 

56 

5 

9.74850 

10.25150 

9.83035 

10.16965 

10.08185 

9.91815 

55 

6 

74868 

25132 

83062 

16938 

08194 

91806 

54 

7 

74887 

25113 

83089 

16911 

08202 

91798 

53 

s 

74906 

25094' 

83117 

168S3 

08211 

91789 

52 

9 

74924 

25076 

83144 

16856 

08219 

91781 

51 

10 

9.74943 

10.25057 

9.83171 

10.16829 

10.08228 

9.91772 

50 

11 

74961 

25039 

83198 

16802 

08237 

91763 

49 

12 

74980 

25020 

83225 

16775 

08245 

91755 

48 

13 

74999 

25001 

83252 

16748 

08254 

91746 

47 

14 

75017 

249S3 

83280 

16720 

08262 

91738 

46 

15 1 

9.75036 

10.24964 

9.83307 

10.16693 

10.08271 

9.91729 

45 

16 

75054 

! 24946 

83334 

16666 

08280 

91720 

44 

17 

75073 

24927 

83361 

16639 

08288 

91712 

43 

18 

75091 

24909 

83388 

16612 

08297 

91703 

42 

19 

76110 

24890 

83415 

16585 

08305 

91695 

41 

20 

9.76128 

10.24872 

9.83442 

10.16558 

10.08314 

9.91686 

40 

21 

75147 

24853 

83470 

16530 

08323 

91677 

39 

22 

75165 

24835 

83497 

16503 

08331 

91669 

38 

23 

75184 

24816 

83524 

16476 

08340 

91660 

37 

24 

76202 

24798 

83551 

16449 

08349 

91651 

36 

25 

9.75221 

10.24779 

9.83578 

10.16422 

10.08357 

9.91643 1 

35 

26 

75239 

24761 

83605 

16395 

08366 

91634 

34 

27 

75258 

24742 

83632 

16368 

08375 

91625 

33 

28 

75276 

24724 

83659 

16341 

08383 

91617 

32 

29 

75294 

24706 

83686 

16814 

08392 

91608 

31 

SO 

9.75313 

10.24687 

9.83713 

10.16287 

10.08401 

9.91599 

30 

81 

75331 

24669 

83740 

16260 

08409 

91591 

29 

32 

75350 

24650 

83768 

16232 

08418 

91582 

28 

83 

75368 

24632 

88795 

16205 

08427 

91573 

27 

34 

75386 

24614 

83822 

16178 

08435 

91565 

26 

85 

9.75405 

10.24595 

9.83849 

10.16151 

10.08444 

9.91666 

25 

36 

75423 

24577 

83876 

16124 

08453 

91547 

24 

37 

75441 

24559 

83903 

16097 

08462 

91538 

23 

38 

75459 

24541 

83930 

16070 

08470 

91530 

22 

39 

75478 

24522 

83957 

16043 

08479 

91521 

21 

40 

9.75496 

10.24504 

9.83984 

1 10.16016 

10.08488 

9.91512 

20 

41 

75514 

24486 

84011 

15989 

08496 

91504 

19 

42 

75533 

24467 

84038 

15962 

08505 

91495 

18 

48 

75551 

24449 

84065 

15935 

08514 

91486 

17 

44 

75569 

24431 

84092 

15908 

08523 

91477 

16 

45 

9.755S7 

10.24413 

9.84119 

10.15881 

10.08531 

9.91469 

15 

46 

75605 

24395 

84146 

15854 

08540 

91460 

14 

47 

75624 

24376 

84173 

15827 

08549 

91451 

13 

48 

75642 

24358 

84200 

15800 

08558 

91442 

12 

49 

75660 

24340 

84227 

15773 

08567 

91433 

11 

50 

9.75678 

10.24322 

9.84254 

10.15746 

10.08575 

9.91425 

10 

61 

75696 

24304 

84280 

15720 

GS5S4 

91416 

9 

62 

75714 

24286 

84307- 

15693 

08593 

91407 

8 

53 

75733 

24267 

84334 

15666 

08602 

91398 

7 

64 

75751 

24249 

84361 

15639 

08611 

91389 

6 

65 

9.75769 

10.24231 

9.S43S8 

10.15612 

10.08619 

9.91381 

5 

56 

75787 

24213 

84415 

15585 

08628 

91372 

4 

67 

75805 

24195 

84442 

15558 

08637 

91363 

3 

58 

75823 

24177 

84469 

15531 

08646 

91354 

2 

59 

75841 

24159 

84496 

15504 

08655 

91345 

1 

60 

75859 

24141 

84523 

15477 

08664 

91336 

0 

M. 

Cosine, 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


114 ° SS«> 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 287 


35® Los^arith ms. 144° 


M. 

Sine- 

Cosecant. 

1 Tangent- 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9-75859 

10.24141 

9.84523 

10.15477 

10.08664 

9.91336 

60 

1 

75877 

24123 

84550 

15450 

08672 

91328 

59 

2 

75895 

24105 

84576 

15424 

08681 

91319 

58 

3 

75913 

24087 

84603 

15397 

08690 

91310 

57 

4 

75931 

24069 

84630 

15370 

0S699 

91301 

56 

6 

9.75949 

10.24051 

9,84657 

10.16343 

10.08708 

9.91292 

55 

6 

75967 

24033 

84684 

15316 

08717 

91283 

54 

7 

75985 

24035 

84711 

15289 

08726 

91274 

53 

8 

76003 

23997 

84738 

15262 

08734 

91266 

52 

9 

76021 

23979 

84764 

15236 

08743 

91257 

51 

10 

9.76039 

10.23961 

9.84791 

10.15209 

10.08752 

9-91 248 

50 

11 

76057 

23943 

84818 

15182 

08761 

91239 

49 

12 

76076 

23925 

84845 

15155 

08770 

91230 

48 

13 

76093 

23907 

84872 

16128 

08779 

91221 

47 

14 

76111 

23889 

84899 

15101 

08788 

91212 

46 

15 

9.76129 

10.23871 

9.84925 

10.15075 

10-08797 

9-91203 

45 

16 

70146 

23854 

84952 

15048 

08806 

91194 

44 ■ 

37 

76164 

23836 

84979 

15021 

08S15 

91185 

43 

18 

76182 

23818 

85006 

14994 

08824 

91176 

42 

19 

76200 

23800 

86033 

14967 

08S33 

91167 

41 

20 

9.76218 

10.23782 

9.85059 

10-14941 

10.08842 

9.91158 

40 

21 

76236 

23764 

85086 

14914 

08851 

91149 

39 

22 

76253 

23747 

85113 

14887 

08859 

91141 

33 

23 

76271 

23729 

85140 

14860 

08868 

91132 

37 

24 

76289 

1 23711 

85166 

14834 

08877 

91123 

36 

26 

9.76307 

10.23693 

9.86193 

10.14807 

10,08886 

9.91114 

35 

26 

76324 

23676 

85220 

14780 

08895 

91105 

34 

27 

76342 

23658 

85247 

14763 

08904 

91096 

33 

28 

76360 

23640 

85273 

14727 

08913 

91087 

32 

29 

76878 

23622 

85300 

14700 

08922 

91078 

31 

SO 

9.76395 

10.23005 

9.85327 

10.14673 

10.08931 

9-91069 

30 

31 

76413 

23587 

85354 

14646 

08940 

91060 

29 

32 

76431 

23569 

85380 

14620 

0894 9 

91051 

28. 

83 

76448 

23552 

85407 

14593 

08958 

91042 

27 

34 

76466 

23534 

86434 

14566 

0S967 

91033 

26 

35 

9.76484 

10.2353 6 

9-85460 

10.14540 

10.08977 

9.91023 

25 

36 

76601 

23499 

. 85487 

14513 

08986 

91014 

24. 

37 

76519 

23481 

85514 

14486 

08995 

91005 

23 

38 

76537 

23463 

85540 

14460 

09004 

90996 

22 

39 

76554 

23446 

85567 

14433 

09013 

90987 

21 

40 

9.76572 

10.23428 

9.85594 

10.14406 

10.09022 

9.90978 

20 

41 

76590 

234X0 

85620 

14380 

09031 

90969 

19. 

42 

76607 

23393 

85647 

14353 

09040 

90960 

18. 

43 

76625 

23375 

85674 

14326 

09049 

90951 

17 

44 

76642 

23358 

85700 

14300 

0905S 

90942 

16 

45 

9.76660 

10,23340 

9.85727 

10.14273 

10.09067 

9.90933 

15 

46 

76677 

23323 

85754 

14246 

09076 

90924 

14 

47 

76695 

23305 

85780 

14220 

09085 

90915 

13 

48 

76712 

23288 

85807 

14193 

09094 

90906 

12, 

49 

76730 

23270 

85834 

14166 

09104 

90896 

11 

60 

9.76747 

10.23263 

9.85860 

10.14140 , 

10,09113 

9.90887 

10 

61 

76765 

23235 

85887 

14113 

09122 

90S78 

9 

62 

76782 

23218 

85913 

14087 

09131 

90869 

8 

53 

76800 

23200 

85940 

14060 

09140 

90860 

7 

54 

76817 

23183 

85967 

14033 

09149 

90851 

6 

55 

9-76835 

10-23165 

9.85993 

10.14007 

10.09158 

9.90842 

5 . 

66 

76852 

2314S 

86020 

13980 

09168 

90832 

4 

67 

76870 

23130 

86046 

13954 

09177 

90823 

3 

58 

76887 

23113 

86073 

13927 

09186 

90814 

2 

69 

76904 

23096 

86100 

13900 

09195 

90805 

1 

60 

76922 

23078 

86126 

13874 

09204 

90796 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 




54 ® 



288 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


36° Logarithms. 143*= 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.76922 

10.23078 

9.86126 

10.13874 

10.09204 

9.90796 

60 

1 

76939 

23061 

86153 

13847 

09213 

90787 

59 

2 

76957 

23043 

86179 

13821 

09223 

90777 

58 

S 

76974 

23026 

86206 

13794 

09232 

90768 

57 

4 

76991 

23009 

86232 

13768 

09241 

90759 

56 

5 

9.77009 

10.22991 

9.86259 

10.13741 

10.09250 

9.90750 

55 

6 

77026 

22974 

86285 

13715 

09259 

90741 

64 

7 

77043 

22957 

86312 

13688 

09209 

90731 

53 

8 

77061 

22939 

86338 

13662 

09278 

90722 

52 

9 

77078 

22922 

86365 

13635 

09287 

90713 

51 

10 

9.77095 

10.22905 

9.86392 

10.13608 

10.09296 

9.90704 

60 

11 

77112 

22888 

86418 

13582 

09306 

90694 

49 

12 

77130 

22870 

86445 

13555 

09315 

90685 

48 

13 

77147 

22853 

86471 

13529 

09324 

90676 

47 

14 

77164 

22836 

86498 

13502 

09333 

90667 

46 

15 

9.77181 

10.22819 

9.86524 

10.13476 

10.09343 

9.90657 

45 

16 

77199 

22801 

86551 

13449 

09352 

90648 

44 

17 

77216 

22784 

86577 

13423 

09301 

90639 

43 

18 

77233 

22767 

86603 

13397 

09370 

90630 

42 

19 

77250 

22750 

86630 

13370 

09380 

90620 . 

41 

20 

9.77268 

10.22732 

9.86656 

10.13344 

10.09389 

9.90611 

40 

21 

77285 

22715 

86683 

13317 

09398 

90602 

39 

22 

77302 

22698 

86709 

13291 

09408 

90592 

38 

23 

77319 

22681 

86736 

13264 

09417 

90583 

37 

24 

77336 

22664 

86762 

13238 

09426 

90574 

36 

25 

9.77353 

10.22647 

9.86789 

10.13211 

10.09435 

9.90565 

35 

26 

77370 

22630 

86815 

13185 

09445 

90555 

34 

27 

77387 

22613 

86842 

13158 

09454 

90546 

33 

28 

77405 

22595 

86868 

13132 

09463 

90537 

32 

29 

77422 

22578 

86894 

13106 

09473 

90627 

31 

30 

9.77439 

10.22561 

9.86921 

10.13079 

10.09482 

9.90518 

30 

31 

77456 

22544 

86947 

13053 

09491 

90509 

29 

32 

77473 

22527 

86974 

13026 

09501 

90499 

28 

33 

77490 

22510 

87000 

13000 

09510 

90490 

27 

34 

77507 

22493 

87027 

12973 

09520 

90480 

26 

35 

9.77524 

10.22476 

9.87053 

10.12947 

10.09529 

9.90471 

25 

36 

77541 

22459 

87079 

12921 

09538 

90462 

24 

37 

77558 

22442 

87106 

, 12894 

0954S 

90452 

23 

38 

77575 

22425 

87132 

12868 

09557 

90443 

22 

39 

77592 

22408 

87158 

12842 

09566 

90434 

21 

40 

9.77609 

10.22391 

9.87185 

10.12815 

10.09576 

9.90424 

20 

41 

77626 

22374 

87211 

■ 12789 

09585 

90415 

19 

42 

77643 

22357 

87238 

12762 

09595 

90405 

18 

43 

77660 

22340 

87264 

12736 

09604 

90396 

17 

44 

77677 

22323 

87290 

12710 

09614 

90386 

16 

45 

9.77694 

10.22306 

9.87317 

10.12683 

10.09623 

9.90377 

15 

46 

77711 

• 22289 

87343 

12657 

09G32 

90368 

14 

47 

77728 

22272 

87369 

12631 

09642 

90358 

13 

48 

77744 

22256 

87396 

12604 

09651 

90349 

12 

49 

77761 

22239 

87422 

12578 

09661 

90339 

11 

50 

9.77778 

10.22222 

9.87448 

10.12552 

10.09670 

9.90330 

10 

61 

77796 

22205 

87475 

12525 

09680 

90320 

9^ 

62 

77812 

22188 

87501 

12499 

09689 

90311 

8 

53 

77829 

22171 

87527 

12473 

09699 

90301 

7 \ 

54 

77846 

22154 

87554 

12446 

09708 

; 90292 

6 - 

55 

9.77862 

10.22138 

9.87580 

10.12420 

10.09718 

9.90282 

5 

56 

77879 

22121 

87606 

12394 

09727 

90273 

4 

57 

77896 

22104 

87633 

12367 

09737 

90263 

3 

58 

77913 

22087 

87659 

12341 

09746 

90254 

2 

69 

77930 

22070 

87685 

12315 

09756 

90244 

1 

60 

77946 

22054 

87711 

12289 

09765 

90236 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

' Sine. 

^7 


536 ?. 
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37° Logarithms. 142° 


M. 

Sine, 

Cosecant. 

' Til!-.-:.:. 

n.7!i r. 


Co'ir 

' M, 

0 

9.77946 

10.2205^1 


' • 1‘ ’S.'j 


0.902:';o 

GO 

1 

77963 

22037 

87738 

12262 

09775 

90225 

59 

2 

77980 

22020 

87764 

12236 

09784 

90216 

58 

3 

77997 

22003 

87790 

12210 

09794 

90206 

57 

4 

78013 

21987 

87817 

12183 

09803 

90197 

56 

5 

9.78030 

10.21970 

9.87843 

10.12157 

10.09813 

9.90187 

55 

6 

78047 

21953 

87869 

12131 

09822 

90178 

54 

7 

78063 

21937 

87895 

12105 

09832 

90168 

53 

8 

78080 

21920 

87922 

12078 

09841 

90159 

52 

9 

78097 

21903 

87948 

12052 

09851 

90149 

51 

10 

9.78113 

10.21887 

9.87974 

10.12026 

10.09861 

9.90139 

50 

11 

78130 

21870 

88000 

12000 

09870 

90130 

49 

12 

78147 

21853 

88027 

11973 

09880 

90120 

48 

13 

78163 

21837 

88053 

11947 

09889 

90111 

47 

14 

78180 

21820 

88079 

11921 

09899 

90101 

46 

15 

9.78197 

10.21803 

9.88105 

10.11895 

10-09909 

9.90091 

45 ■ 

16 

78213 

21787 

88131 

11S69 

09918 

90082 

44 

17 

78230 

21770 

88158 

11842 

09928 

90072 

43 

18 

78246 

21754 

88184 

11816 

09937 

90063 

42 

19 

78263 

21737 

88210 

11790 

09947 

90053 

41 

20 

9.78280 

10.21720 

9.88236 

10.11764 

10.09957 

9.90043 

40 

21 

78296 

21704 

88262 

11738 

09966 

90034 

39 

22 

78313 

21687 

88289 

11711 

09976 

90024 

38 

23 

78329 

21671 

88315 

11685 

09986 

90014 

37 

24 

78346 

21654 

88341 

11659 

09995 

90005 

36 

25 

9.78362 

10.21638 

9.88367 

10.11633 

10.10005 

9.89995 

35 

26 

78379 

21621 

88393 

11607 

10015 

89985 

34 

27 

78395 

21605 

88420 

11580 

10024 

89976 

33 

28 

78412 

21588 

88446 

11554 

10034 

89966 

32 

29 

78428 

21572 

88472 

11528 

10044 

89956 

31 

30 

9.78445 

10.21555 

9.88498 

10.1150ii 

10.10053 

9-89947 

30 

31 

78461 

21539 

88524 

11476 

10063 

89937 

29 

32 

78478 

21522 

88550 

11450 

10073 

89927 

28 

33 

78494 

21506 

88577 , 

11423 

10082 

89918 

27 

34 

78510 

21490 

88603 

11397 

10092 

89908 

26 

35 

9.78527 

10.21473 

9.88629 

10.11371 

10.10102 

9.89898 

25 

36 

78543 

21457 

88655 

11345 

10112 

89888 

24 

37 

78560 

21440 

88681 

11319 

10121 

89879 

23 

38 

78576 

21424 

88707 

11293 

10131 

89869 

22 

39 

78592 

21408 

88733 

11267 

10141 

89859 

21 

40 

9.78609 

10.21391 

9.88759 

10.11241 

10.10151 

9.89849 

20 

41 

78625 

21375 

88780 

11214 

10160 

89840 

19 

42 

78642 

21358 

88812 

11188 

10170 

89830 

18 

43 

78658 

21342 

88838 

11162 

10180 

89820 

‘ 17 

44 

78674 

21326 

88864 

11136 

10190 

89810 

16 

45 

9.78691 

10.21309 

9.88890 

10-11110 

10.10199 

9,89801 

15 

46 

78707 

21293 

88916 

11084 

10209 

89791 

14 

47 

78723 

21277 

88942 

11058 

10219 

89781 

13 

48 

78739 

21261 

88968 

11032 

10229 

89771 

12 

49 

78756 

21244 

88994 

11006 

10239 

89761 

11 

50 

9.78772 

10.21228 

9.89020 

10.10980 

10.10248 

9.S9752 

10 

51 

78788 

21212 

89046 

10954 

10258 

89742 

9 

52 

78805 

21195 

89073 

10927 

10268 

89732 

8 

53 

78821 

21179 

89099 

10901 

10278 

89722 

7 

54 

78837 

21163 

89125 

10875 

10288 

89712 

6 

55 

9.78853 

10.21147 

9.89151 

10.10849 

10.10298 

9.89702 

6 

56 

78869 

21 131 

89177 

10823 

10307 

89693 

4 

57 

78886 

21114 

89203 

10797 

10317 

89683 

3 

58 

78902 

21098 

89229 

10771 

10327 

89673 

2 

59 

78918 

21082 

89255 

10745 

10337 

89663 

1 

60 

78934 

21066 

89281 

10719 

10347 

89653 

0 

M. 

Cosine. 

Secant. | 

Cotangent. 

Tangent- 

Cosecant. 

Sine. 

M. 


127 ° 
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38° Logarithms. 141° 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent. 

! Secant. 

Cosine. 

M. 

0 

9.78934 

10,21066 

9.89281 

10.10719 

10.10347 

9.89653 

60 

1 

78950 

21050 

89307 

10693 

10357 

89643 

59 

2 

78967 

21033 

89333 

10667 

10367 

89638 

58 

8 

78983 

21017 

89359 

10641 

10376 

. 89624 

67 

4 

78999 

21001 

S93S5 

10615 

10386 

89614 

56 

5 

9.79015 

10.20985 

9.S9411 

10.10589 

10.10396 

9.89604 

55 

6 

79031 

20969 

89437 

10563 

10406 

89594 

54 

7 

79047 

20953 

89463 

10537 

10416 

89584 

63 

8 

79063 

20937 

89489 

10511 

10426 

89574 

52 

9 

79079 

20921 

89515 

104S5 

10436 

89564 

51 

10 

9:79095 

10.20905 

9.89541 

10.10459 

10.10446 

9.89554 

50 

11 

79111 

20889 

89567 

10433 

10456 

89544 

49 

12 

79128 

20872 

89593 

10407 

10466 

89534 

48 

18 

79144 

20856 

89619 

10381 

10476 

89524 

47 

14 

79160 

20840 

89645 

10355 

10486 

89514 

46 

15 

9.79176 

10.20824 

9.89671 

10-10329 

10.10496 

9.89504 

45 

16 

79192 

20808 

89697 

10303 

10505 

89495 

44 

17 

79208 

20792 

89723 

10-277 

10515 

89485 

43 

18 

79-224 

20776 

89749 

10251 

10525 

89475 

42 

19 

79240 

20760 

89775 

102-25 

10535 

89465 

41 

20 

9.79-256 

10.20744 

9.89801 

10.10199 

10.10545 

9.89455 

40 

21 

79272 

207-28 

89827 

10173 

10555 

89445 

39 

22 

79288 

20712 

89853 

10147 

10565 

89435 

38 

23 

79304 

20696 

89879 

10121 

10575 

89425 

37 

24 

79319 

20681 

89905 

10095 

10585 

89415 

36 

25 

9-79335 

10.20665 

9.89931 

10.10069 

10.10595 

9.89405 

35 

26 

79351 

20649 

89957 

10043 

10605 

89395 

34 

27 

79367 

20633 

89983 

10017 

10615 

89385 

33 

28 

79383 

20617 

90009 

09991 

10625 

89375 

32 

29 

79399 

20601 

90035 

09965 

10636 

89364 

31 

30 

9.79415 

10.20585 

9.90061 

10.09939 

10.10646 

9.89354 

80 

31 

79431 

20569 

90086 

09914 

10656 

89344 

29 

32 

79447 

20553 

90112 

09888 

10666 

89334 

28 

33 

79463 

20537 

9013S 

09862 

10676 

89324 

27 

34 

79478 

20522 

90164, 

09836 

10686 

89314 

26 

35 

9.79494 

10-20506 

9.90190 

10.09810 

10.10696 

9.89304 

25 

36 

79510 

20490 

90216 

09784 

10706 

89294 

24 

37 

79526 

20474 

90242 

09758 

10716 

89284 

23 

38 

79542 

20458 

90268 

‘ 09732 

10726 

89274 

22 

39 

79558 

20442 

90294 

09706 

10736 

89264 

21 

40 

9.79573 , 

10-20427 

9.90320 

10,09680 

10.10746 

9.89254 

20 

41 

79589 ! 

20411 

90346 

09654 

10756 

89244 

19 

42 

79606 

20395 

90371 

09629 

10767 

89233 

18 

43 

79621 

20379 

90397 

09603 

10777 

89223 

17 

44 

79636 

20364 

90423 

09577 

10787 

89213 

16 

45 

9.79652 

10.20348 

9.90449 

10.09551 

10.10797 

9.89203 

15 

46 

79668 

20332 

90475 

09525 

10807 

89193 

14 

47 

79684 

20316 

90501 

0l»499 

10817 

89183 

13 

48 

79699 

20301 

90527 

09473 

10827 

89173 

12 

49 

79715 

20285 

90553 

09447 

10838 

89162 

11 

50 

9.79731 

10.20269 

9.90578 

10.09422 

10.10848 

9.89152 

10 

51 

79746 

20254 

90604 

09396 

10858 

89142 

9 

52 

79762 

20238 

90630 

09370 

10S68 

89132 

8 

53 

79778 

20222 

90656 

09344 

10878 

89122 

7 

54 

79793 

20207 

1 90682 

09318 

10888 

89112 

6 

55 

9.79809 

10.20191 

9.90708 

10.09292 

10.10899 

9.89101 

6 

56 

79825 

20175 

90734 

09266 

10909 

89091 

4 

57 

79840 

20160 

90759 

09-241 

10919 

89081 

3 

58 

79856 

20144 

90785 

09215 

10929 

89071 

2 

59 

79872 

20128 

90811 

09189 

10940 

89060 

1 

60 

79887 

20113 

90837 

09163 

10950 

89050 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


126° 510 
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39° Logarithms. 140° 


M. 

Sine. 

Cosecant. 

j Tangent. 

Cotangent. 

Secant. 

Cosine. . 

M. 

0 

9.79887 

10,20113 

9.90837 

10.09163 

10.10950 

9.89050 

60 

1 

79903 

20097 

90863 

09137 

10960 

89040 

59 

2 

79918 

20082 

90889 

09111 

10970 

89030 

58 

3 

79934 

20066 

90914 

09086 

10980 

89020 

57 

4 

79950 

20050 

90940 

09060 

10991 

89009 

56 

5 

9.79965 

10.20035 

9.90966 

10.09034 

10.11001 

9.SS999 

55 

6 

79981 

20019 

90992 

09008 

11011 

88989 

54 

7 

79996 

20004 

91018 

08982 

11022 

88978 

63 

8 

80012 

19988 

91043 

08957 

11032 

88968 

52 


80027 

19973 

91069 

08931 

11042 

SS958 

51 

10 

9.80043 

10.19957 

9.91095 

10,08905 

10.11052 

9.88948 

50 

11 

80058 

19942 

91121 

08879 

11063 

88937 

49 

12 

80074 

19926 

91147 

08853 

11073 

88927 

48 

13 

80089 

199n 

91172 

08828 

11083 

88917 

41 

14 

80105 

19895 

91198 

08802 

11094 

88906 

4ft 

15 

9,80120 

10.19880 

9.91224 

10.08776 

10.11104 

9.88896 

45 

16 

80136 

19864 

91250 

08750 

11114 

88886 

44 

17 

80151 

19849 

91276 

08724 

11125 

88875 

4il 

18 

80166 

19834 

91301 

08699 

11135 

88865 

42 

19 

80182 

19818 

91327 

08673 

11145 

88855 

41 

20 

9.80197 

10.19803 

9.91353 

10.08647 

10.11156 

9.8SS44 

40 

21 

80213 

19787 

91379 

08621 

11166 

88834 

39 

22 

80228 

19772 

91404 

08596 

11176 

88824 

38 

23 

80244 

19756 

91430 

08570 

11187 

88813 

37 

24 

80259 

19741 

91456 

08544 

11197 

88803 

30 

25 

9.80274 

10.19726 

9.91482 

10.08518 

10,11207 

9.88793 

35 

26 

80290 ! 

19710 

91507 

08493 

11218 

88782 


27 

80305 ' 

19695 

91533 

08467 

11228 

88772 

si 

28 

80320 

19680 

91559 

084# 

11239 

88761 

3 !. 

29 

80336 

19664 

91585 

084X5 

11249 

88751 

31 

30 

9.80351 

10.19649 

9.91610 

■ 10.08390 

10.11259 

9.88741 

30 

31 

80366 

19634 

91036 

08364 

1T270 

88730 

29 

82 

80382 

19018 

91662 

08338 

11280 

88720 

28 

33 

80397 

19603 

91688 

08312 

11291 

88709 

27 

34 

80412 

19588 

91713 

08*287 

11301 

88699 

26 

35 

9.80428 

10.19572 

9-91739 

. 10.08261 

10.11312 

9.88688 

25 

36 

80443 

1 19557 

91765 

08235 

11322 

88678 

: 24 

37 

80458 

19542 

91791 

08209 

11332 

88668 

23 

38 

80473 

19527 

91816 

08184 

11343 

88657 

i 

39 

80489 

19511 

91842 

08158 

11353 

88647 


40 

9.80504 

10.19496 

9-918GS 

10.08132 

10.11364 

9.88636 

20 

41 

80519 

19481 

91893 

08107 

11374 

88626 

19 

42 

80534 

1 19466 

91919 

08081 

11385 

88615 

18 

43 

80550 

19150 

91945 

08055 

11395 

88605 

17 

44 

80565- 

19435 

91971 

08029 

11406 

88594 

16 

45 

9.80580 

10.19420 

9.91996 

10.08004 

10.11416 

9.88584 

; 15 

46 

80595 

19405 

92022 

07978 

11427 

88573 

14 

47 

80610 

19390 

92048 

07952 

11437 

88563 

13 

48 

80625 

19375 

92073 

07927 

11448 

88552 

12 

49 

80641 

19359 

92099 

07901 

11458 

88542 

11 

50 

9.80656 

10.19344 

9.92125 

10.07875 

10.11469 

9.88531 

10 

51 

80671 

19329 

92150 

07850 

11-179 

88521 

9 

52 

80686 

19314 

92176 

07824 

11490 

88510 

8 

53 

80701 

19299 

92202 

07798 

11501 

88499 

7 

- 54 

80716 

19284 

92227 

07773 

11511 

88489 

6 

65 

9.80731 

10.19269 

9.92253 

10.07747 

10.11522 

9.88478 

5 

66 

80746 

19254 

92279 

07721 

11532 

88468 

4 

57 

80762 

19238 

92304 

07696 

11543 

88457 

3 

68 

80777 

19223 

92330 

07670 

11553 

88447 

2 

59 

80792 

19208 

92356 

07644 

11564 

88436 

1 

60 

80807 

19193 

92381 

07619 

11575 

88425 

0 

’m. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


139 ° 



292 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


40° Logarithnas. 139 ^ 


M. 

Sine. 

j Cosecant. 

Tangent. 

j Cotangent. 

Secant. 

Cosine. 


0 

9.80807 

10.19193 

9.92381 

i 10.07619 

10.11575 

9.88425 

60 

1 

80822 

19178 

92407 

i 07593 

11585 

88415 

59 

2 

80837 

19163 

92433 

i 07567 

11596 

88404 

58 

3 

80852 

19148 

92458 

07542 

11606 

88394 

57 

4 

80867 

19133 

92484 

07516 

11617 

88383 

56 

6 

9.80882 

10.19118 

9.92510 

10.07490 

10.11628 

9.88372 

55 

6 

80897 

19103 

92535 

07465 

11638 

88362 

54 


80912 

190SS 

92561 

07439 

11649 

88351 

53 

8 

80927 

• 19073 

92587 

07413 

11660 

88340 

o2 

9 

80942 

19058 

92612 

07388 

11670 

88330 

51 

10 

, 9.80957 

10.19043 

9.92638 

10.07362 

10.11681 

9.88319 

50 

11 

80972 

19028 

92663 

07337 

11692 

88308 

49 

12 

( 80987 

19013 

92689 

07311 

11702 

88298 

48 

13 

1 81002 

18998 

92715 

07285 

11713 

88287 

47 

14 

! 81017 

18983 

92740 

07260 

11724 

88276 

46 

15 

; 9.81032 

10.18968 

9.92766 

10.07234 

10.11734 

9.88266 

45 

16 

i 81047 

18953 

92792 

07208 

11745 

88255 

44 

17 

1 81061 

18939 

92817 

07183 

11756 

88244 

43 

18 

i 81076 

18924 

92843 

07157 

11766 

88234 

42 

19 

! 81091 

18909 

92868 

07132 

11777 

88223 

41 

20 

! 9.81106 

10.18894 

9.92894 

10.07106 

10.11788 

9.88212 

40 

21 

i 81121 

18879 

92920 

07080 

11799 

88201 

39 

22 

; 81136 

18864 

92945 

07055 

11809 

8S191 

38 

23 

i 81151 

18849 

92971 

07029 

11820 

88180 

37 

24 

, 81166 

18834 

92996 

07004 

11831 

88169 

36 

25 

1 9.81180 

10.18820 

9.93022 

10.06978 

10.11842 

9.88158 

35 

26 

; 81195 

18805 

93048 

06952 

11852 

88148 

34 

27 

i 81210 

18790 

93073 

06927 

11863 

88137 

33 

28 

i 81225 

18775 

« 93099 

06901 

11874 

88126 

32 

29 

81240 

18760 

93124 

06876 

11S85 

88115 

31 

30 

9.81254 

10.18746 

9.93150 

10.06850 

10.11895 

9.88105 

30 

31 

81269 

18731 

93175 

06825 

11906 i 

88094 

29 

82 

81284 

18716 

93201 

06799 

11917 i 

• 88083 

28 

33 

81299 

18701 

93227 

06773 

11928 ; 

88072 

27 

34 

81314 

18686 

93252 

06748 

11939 

88061 

26 

35 

9.81328 

10.18672 

9.93278 

10.06722 

10.11949 

9.88051 

25 

36 

i 81343 

18657 

93303' 

06697 

11960 

88040 

24 

87 

! 81358 ' 

18642 

93329 

06671 

11971 

88029 

23 

88 

i 81372 

18628 

93354 

06646 

11982 

88018 

22 

39 

1 81387 

18613 

93880 

06620 

11993 

88007 

21 

40 

i 9.81402 

10,18598 

9.93406 

10.06594 

10.12004 

9.87996 

20 

41 

! 81417 

18583 

93431 

06569 

12015 

87985 

19 

42 

! 81431 

18569 

93457 

06543 

32025 

87975 

18 

43 i 

81446 

18554 

93482 

06518 

12036 

87964 

17 

44 

81461 

18539 

93508 

06492 

12047 

87953 

16 

45 : 

9.81475 

10.18525 

9.93533 

10.06467 

10.12058 

9.87942 

15 

46 j 

81490 

18510 

93559 

06441 

12069 

87931 

14 

47 i 

81505 

18495 

93584 

06416 

12080 

87920 

13 

48 I 

81519 

18481 

93610 

06390 

12091 

87909 

12 

49 I 

81534 

18466 

93636 

06364 

12102 

87898 

11 

50 i 

9-81549 

10.18451 

9.93661 

10.06339 

10.12113 

9.87887 

10 

51 1 

81563 

18437 

936S7 

06313 

12123 

87877 

9 

52 

81578 

18422 

93712 

06288 

12134 

87866 

8 

53 

81592 

18408 

93738 

06262 

12145 

87855 

7 

54 

81607 

18393 

93763 

06237 

12156 

87844 

6 

55 

9.81622 

10.18378 

9.93789 

10.06211 

10.12167 

9.87833 

5 

56 

81636 

18364 

93814 

06186 

12178 

87822 

4 

57 

81651 

18349 

93840 

06160 

12189 

87811 

3 

58 

81665 

18335 

93865 

06135 

12200 

87800 

2 

59 

81680 

18320 

93891 

06109 

12211 

87789 

1 

60 

81694 

18306 

93916 

06084 

12222 

87778 

0 

M. 

Cosine. 

Secant- 

Cotangent. 

Tangent. 

Cosecant, j 

Sine. 

M. 


130° 


49 ° 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 293 


♦ 1° L,ogjarithms, 138® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent.; 

Secant. 

Cosine. 

M. 

0 

9.81694 

10.18306 

9.93916 

10.06084 


10.12222 

9.87778 

60 

1 

81709 

18291 

93942 

06058 


12233 

87767 

59 


81723 

18277 

93967 

06033 


12244 

87756 

58 

3 

81738 

18262 

93993 

06007 


12256 

87745 

57 

4 

81752 

18248 

94018 

05982 


12266 

87734 

56 

5 

9.81767 

10.18233 

9.94044 

10.05956 


10.12277 

9.87723 

55 

6 

817S1 

18219 

94069 

05931 


12288 

87712 

54 

7 

81796 

18204 

94095 

05905 


12299 

87701 

53 

8 

81810 

18190 

94120 

05880 


12310 

87690 

52 

9 

81825 

18175 

94146 

05854 


12321 

87679 

51 

10 

9.81839 

10.18161 

9.94171 

10.05829 


10.12332 

9.87668 

50 

11 

81854 

18146 

94197 

05803 


12343 

87657 

49 

12 

81868 

18132 

94222 

05778 


12354 

87646 

48 

13 

81882 

18118 

94248 

05752 


12365 

87635 

47 

34 

81897 

18103 

94273 

05727 


12376 

87624 

46 

15 

9.81911 

10.18089 

9.94299 

10.05701 


10.12387 

9.87613 

45 

16 

81926 

18074 

94324 

05676 


12399 

87601 

44 

17 

81940 

18060 

94350 

05650 


12410 

87590 

43 

18 

81955 

18045 

94375 

05625 


- 12421 

87679 

42 

19 

81969 

18031 

94401 

05599 


12432 

87568 

41 

20 

9.81983 

10.18017 

9.94426 

10.05574 


10.12443 

9.87557 

40 

21 

81998 

18002 

94452 

05548 


32454 

87546 

39 

22 

82012 

17988 

94477 

05523 


12465 

87535 

38 

23 

82026 

17974 

94503 

05497 


12476 

87524 

37 

24 

82041 

17959 

94528 

05472 


12487 

87613 

36 

25 

9.82055 

10.17945 

9.94554 

10.05446 


10.12499 

9.87501 

35 

26 

82069 

17931 

94579 

05421 


12510 

87490 

34 

27 

82084 

17916 

94604 

05396 


12521 

87479 

33 

28 

82098 

17902 

94630 

05370 


1*2532 

87468 

32 

29 

82112 

17888 

94655 

05345 


12543 

87457 

31 

SO 

9.82126 

10.17874 

9.94681 

10.05319 


10.1*2554 

9.87446 

30 

31 

82141 

17859 

94706 

05294 


12566 

87434 

29 

32 

82155 

17845 

94732 

0526S 


12577 

1 87423 

: 28 

33 

82169 

17831 

94767 

05243 


12588 

> 87412 

i 27 

34 

82184 

17816 

94783 

05217 


12599 

87401 

26 

35 

9.82198 

10,17802 

9.94808 

10.05192 


10.1*2610 

9.87390 

25 

36 

82212 

17788 

94834 

05166 


1*2622 

87378 

24 

37 

82226 

17774 

94859 

05141 


12633 

87367 

23 

38 

82240 

17760 

94884 

05116 i 


1*2644 

87356 

22 

39 

82255 

17745 

94910 ' 

05090 


12655 

87345 

21 

40 

9.82269 

10.17731 

9.94935 

10.05065 


10.12666 

9.87334 

20 

41 

82283 

17717 

94961 

05039 


12678 

87322 

19 

42 

82297 

17703 

94986 

05014 


12689 

87311 

18 

43 

82311 

17689 

95012 

04988 


12700 

87300 

17 

44 

82326 

17674 

95037 

04963 


12712 

87288 

16 

45 

9.82340 

10.17660 

9.95062 

10.04938 


10.T2723 

9.87277 

15 

46 

82354 

17646 

95088 

• 04912 


12734 

87266 

14 

47 

82368 

176:32 

95113 

04887 


12745 

87255 

13 

48 

82382 

17618 

95139 

04861 


12757 

87243 

12 

49 . 

82396 

17604 

96164 

04836 


12768 

87232 

; 11 

50- 

9.82410 

10.17590 

9.95190 

10.04810 


10.12779 

9.87221 

10 

51 

82424 

17576 

95215 

04785 


1*2791 

87209 

9 

52 

82439 

17561 

95240 

04760 


12802 

87198 

8 

53 

82453 

17547 

95266 

04734 


12813 

87187 

7 

54 

82467 

17533 

95291 

04709 


12825 

87175 

6" 

55 

9.82481 

10.17519 

9.95317 

10.04683 


10.12836 

9.87164 

5 

56 

82495 

17505 

95342 

04658 


12847 

87153 

4 

57 

82509 

17491 

95368 

04632 


12859 

87141 

3 

58 

82523 

17477 

95393 

04607 


12870 

87130 

2 

59 

82537 

17463 

95418 

04582 


12881 

87119 

1 

50 

82551 

17449 

95444 ; 

04556 


12893 j 

87107 1 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 


Cosecant, | 

Sine. 

M. 


13 ^® 



294 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


42® Logarithms. 137® 


M. 

Sine. 

(.'oseeant. 

1 Ttuigent. 

Cotangent. 

Secant. 

Cosine. 

M. 

0 

9.S2551 

10.17449 

9.95444 

10.04556 

10.T289-i 

9.87107 

60 

1 

82565 

17435 

95469 

04531 

12904 

87096 

59 

2 

82579 

17421 

95495 

04505 

12915 

87085 

58 

3 

82593 

17407 

95520 

04480 

12927 

87073 

57 

4 

82607 

17393 

96545 

04455 

12938 

87062 

56 

6 

9.82621 

10.17379 

9.95571 

10.04429 

10.12950 

9 87050 

55 

6 

82635 

17365 

95596 

04404 

12961 

87039 

54 


S2649 

17351 

96622 

04378 

12972 

87028 

53 

8 

82663 

17337 

95647 

04353 

12984 

87016 

52 

9 

82677 

1'7323 

95672 

04328 

12995 

87005 

51 

10 

9.82691 

10.17309 

9.95698 

10.04302 

10.13007 

9 86993 

50 

11 

82705 

17295 

95723 

04277 

13018 

86982 

49 

12 

82719 

17281 

95748 

04252 

13030 

86970 

48 

13 

82733 

17267 

95774 

04226 

13041 

86959 

47 

14 

82747 

17253 

95799 

04201 

13053 

86947 

46 

15 

9.82761 

10.17239 

9.95825 

10.04175 

10.13064 

9.86936 

45 

16 

82775 

17225 

95850 

04160 

13076 

86924 

44 

17 

82788 

17212 

95875 

04125 

13087 

86913 

43 

18 

82802 

17198 

95901 

04099 

13098 

86902 

42 

19 

82816 

17184 

95926 

04074 

13110 

86890 

41 

20 

9.82880 

10.17170 

9.95952 

10.04048 

10.13121 

9.86879 

40 

21 

82844 

17156 

95977 

04023 

13133 

86867 

39 

22 

82858 

17142 

96002 

03998 

13145 

86855 

38 

23 

82872 

17128 

96028 

03972 

13156 

86844 

37 

24 

82885 

17115 

96053 

03947 

13168 

86832 

36 

25 

9.82899 

10. 17101 

9,96078 

10.03922 

10.13179 

9.86821 

35 

26 

82913 

17087 

96104 

03896 

13191 

86809 

34 

27 

82927 

17073 

96129 

03871 

13202 

86798 

33 

28 

82941 

17059 

96155 

03845 

13214 

86786 

32 

29 

82955 

17045 

96180 

03820 

13225 

86775 

31 

30 

9.82968 

10.17032 

9.96205 

10.03795 

10.13237 

9.86763 

30 

SI 

82982 

17018 

96231 

03769 

13248 

86752 

29 

82 

82996 

17004 

96256 

03744 

13260 

86740 

28 

S3 

83010 

16990 

96281 

03719 

13272 

S672S 

27 

34 

83023 

16977 

96307 

03693 

13283 

86717 

26 

35 

9.83U37 

10.16963 

9.96332 

1 10.03668 

10.13295 

9.86705 

25 

36 

83051 

16949 

96357 

03643 

13306 

86694 

24 

37 

S3065 

16935 

96383 

' 03617 

13318 

86682 

23 

38 

83078 

16922 

96408 

03592 

13330 

86670 

22 

39 

83092 

16908 

96433 

03567 

13341 

86659 

21 

10 

9,83106 

10.16894 

9.96459 

10.03541 

10.13353 

9.86647 

20 

11 

83120 

16880 

96484 

03516 

13365 

86635 

19 

12 

83133 

16867 

96510 

03490 

13376 

86624 

18 

13 

83147 

16853 

96535 

03465 

13388 

86612 

17 

14 

83161 

16839 

96560 

03440 

13400 

86600 

16 

45 

9.83174 

10.16826 

9.96586 

10.03414 

10.13411 

9.86589 

15 

16 

83188 

16812 

96611 ' 

03389 

13423 

86577 

14 

17 

83202 

16798 

96636 

03364 

13435 

86565 

13 

48 

83215 

16785 

96662 

08338 

13446 

86554 

12 

49 

83229 

16771 

96687 

03313 

. 13458 

86542 

11 

50 

9.83242 

10.16758 

9.96712 

10.03288 

10.13470 

9.86530 

10 

51 

83256 

16744 

96738 

03262 

13482 

S651S 

9 

52 

83270 

16730 

96763 

03237 

13493 

86507 

8 

53 

83283 

16717 

9l>788 

03212 

13506 

86495 

7 

54 

83297 

16703 

96814 

03186 

13517 

86483 . 

6 

55 

9-83310 

10.16690 

9.96839 

10.03161 

10.13528 

9.86472 

5 

56 

83324 

16676 

96864 

03136 

13540 

86460 

4 

57 

83338 

16662 

96890 

03110 

13552 

86448 

3 

58 

83351 

16649 

96915 

03085 

13564 

86436 

2 

59 

83365 

16635 

96940 

03060 

13575 

86425 

1 

60 

83378 

16622 

96966 

03034 

13587 

86413 

0 

M. 

Cosine. 

Secant. 1 

Cotangent. 1 

Tangent. 

Cosecant. 

Sine. 

M. 


132® 470 



Table 2 LOGARITHMIC ANGULAR FUNCTIONS 295 


43° Logarithms. 136° 


M. 

Sine. 

Cosecant. ■ 

i Tangent. 

Cotangent. | 

Secant. 

Cosine. 

M. 

0 

9.83378 

10.16622 

9.96C66 

10.03034 

10.135S7 

9.86413 

60 

1 

83392 

16608 

96991 

03009 

13599 

86401 

59 

2 

83405 

16595 

97016 

02984 

13611 

86389 

58 

3 

83419 

16581 

97042 

02958 

13623 

S6377 

57 

4 

83432 

16568 

97067 

02933 

13634 

86366 

56 

6 

9.83446 

10.16554 

9-97092 

10.02908 

10.13646 

9.86354 

55 

6 

83459 

16541 

97118 

02882 

13658 

86342 

54 

7 

83473 

16527 

97143 

02857 

13670 

86330 

53 

S 

83486 

16514 

9716S 

02832 

13682 

86318 

52 

9 

83500 

16500 

97193 

02807 

13694 

86306 

51 

10 

9.83513 

10.16487 

9.97219 

10.02781 

10.13705 

9.86295 

50 

11 

83527 

16473 

97244 

02756 

13717 

86283 

49 

12 

83540 

16460 

97269 

02731 

13729 

86271 

48 

13 

83554 

16446 

97295 

02705 

13741 

86259 

47 

14 

83567 

16433 

97320 

02680 

13753 

86247 

46 

15 

9.83581 

10.1G419 

9.97345 

10.02655 

10.13765 

9.86235 

45 

16 

83594 

16406 

97371 

02629 

13777 

86223 

44 

17 

83608 

16392 

97396 

02604 

13789 

86211 

43 

18 

83621 

16379 

97421 

02579 

13800 

86200 

42 

19 

83634 

16366 

97447 

02553 

13812 

86188 

41 

20 

9.83648 

10.16352 

9.97472 

10.02528 

10.13824 

9.86176 

40 

21 

83661 

16339 

97497 

02503 

13836 

86164 

39 

22 

83674 

16326 

97623 

02477 

13848 

86152 

38 

23 

83688 

16312 

97548 

02452 

13860 

86140 

37 

24 

83701 

16299 

97573 

02427 

13872 

86128 

36 

25 

9.83715 

10.16285 

9.97598 

10.02402 

10.13884 

9.86116 

35 

26 

83728 

16272 

97624 

02376 

13896 

86104 

34 

27 

83741 

16259 

97649 

02351 

13908 

86092 

33 

28 

83755 

16245 

97674 

02326 

13920 

86080 

32 

29 


16232 

97700 

02300 

13932 

86068 

31 

30 

9.83781 

10.16219 . 

9.97725 

10.02275 

10.13944 

9.86056 

30 

31 

83795 

16205 

97750 

02250 

13956 

86044 1 

29 

32 

83808 

16192 

97776 

02.*24 

13968 

86032 

28 

33 

83821 

16179 

97801 

02199 

13980 

86020 

27 

34 

83834 

16166 

97826 

02174 

13992 

86008 

26 

85 

9.83848 

10.16152 

9.97851 

10.02149 

10.14004 

9.85996 

25 

36 

83861 

16139 

97877 ; 

02123 

14016 

85984 

24 

37 

83874 

16126 

97902 

02098 

14028 

85972 

23 

38 

83887 

16113 

97927 ! 

02073 

14040 

85960 

22 

39 

83901 

16099 

97953 

02047 

14052 

85948 

21 

40 

9.83914 

10.16086 

9.97978 

10.02022 

10.14064 

9.85936 

20 

41 

83927 

16073 

98003 

01997 

14076 

85924 

19 

42 

83940 

16060 

98029 

01971 

14088 

85912 

18 

43 

83954 

16046 

98054 

01946 

14100 

85900 

17 

44 

83967 

16033 

98u79 

01921 

14112 

85888 

16 

45 

9.83980 

10.16020 

9.98104 

10.01896 

1Q.1-H24 

9.85876 

15 

46 

83993 

16007 

98130 

01870 

11136 

85864 

14 

47 

84006 

15994 

98155 

01845 

14149 

85851 

13 

48 

84020 

. 15980 

98180 

01820 

14161 

85839 

12 

49 

84033 

15967 

98206 

01794 

14173 

85827 

11 

50 

9.84046 

10.15954 

9.982.31 

10.01769 

10.14185 

9.85815 

10 

61 

84059 

• ■ 15941 

98256 

01744 

14197 

86803 

9 

52 

84072 

15928 

98281 

01719 

14209 

85791 

8 

53 

84085 

1 15915 

98307 

01693 

14221 

86779 

7 

54 

84098 

15902 

98332 

01668 

14234 

86766 

6 

55 

9.84112 

10.15888 

9.98357 

10.01643 

10.14246 

9.85754 

5 

56 

84125 

15875 

98383 

01617 

14258 

85742 

4 

57 

84138 

15862 

■ 98408 

01592 

14270 

85730 

3 

58 

84151 

15849 

98433 

01567 

14282 

86718 

2 

69 

84164 

15836 

98458 

01542 

14294 

85706 

1 

60 

84177 

15823 

98484 

01516 

14307 

i 86693 

0 

M. 

Cosine. 

Secant. 

Cotangent. 

Tangent. 

Cosecant- 

Sine. 



^ jca 


133 ® 



296 LOGARITHMIC ANGULAR FUNCTIONS Table 2 


44® Logarithms. 135® 


M. 

Sine. 

Cosecant. 

Tangent. 

Cotangent, 

Secant. 

Cosine. 

M. 

0 

9.84177 

10.15823 

9.9S484 

10.01516 

10.14307 

9.85693 

60 

1 

84190 

15810 

98509 

01491 

14319 

85681 

59 

2 

84203 

15797 

98534 

01466 

14331 

85669 

58 

3 

84216 

15784 

98560 

01440 

14343 

85657 

57 

4 

84229 

15771 

98585 

01415 

14355 

85645 

56 

5 

9.84242 

10.15758 

9.98610 

10.01390 

10.14368 

9.85632 

55 

6 

84255 

15745 

98635 

01865 

14380 

85620 

54 

7 

84269 

15731 

98661 

01339 

14392 

85608 

53 

8 

84282 

15718 

98686 

01314 

14404 

85596 

52 

9 

84295 

15705 

98711 

01289’ 

14417 

85583 

51 

10 

9.84308 

10.15692 

9.98737 

10.01263 

10.14429 

9.85571 

50 

11 

84321 

15679 

98762 

01238 

14441 

85559 

49 

12 

84334 

15666 

98787 

01213 

14453 

85547 

48 

13 

84347 

15653 

98812 

01188 

14466 

85534 

47 

14 

84360 

15640 

98838 

01162 

14478 

85622 

46 

15 

9.84373 

10.15627 

9-98863 

10.01137 

10.14490 

9.85510 

45 

16 

84385 

15615 

98888 

01112 

14503 

85497 

44 

17 

84398 

15G02 

98913 

01087 

14515 

85485 

43 

IS 

84411 

15589 

98939 

01061 

14527 

85473 

42 

19 

84424 

15576 

98964 

01036 

14540 

85460 

41 

20 

9.84437 

10.15563 

9.98989 

10.01011 

10.14552 

9.85448 

40 

21 

84450 

15550 

99015 

00985 

14564 

85436 

39 

22 

84463 

15537 

99040 

00960 

14577 

85423 

38 

23 

84476 

15524 

99065 

00935 

14589 

85411 

37 

24 

84489 

16511 

99090 

00910 

14601 

• 85399 

36 

25 

9.84502 

10.15498 

9.99116 

10.00884 

10.14614 

9.S5386 

35 

26 

84515 

154S5 

99141 

00859 

14626 

85374 

34 

27 

84628 

15472 

99166 

00834 

14639 

85361 

33 

28 

84540 

15460 

99191 

00809 

14651 

85349 

32 

29 

84553 

15147 

99217 

00783 

14663 

85337 

31 

30 

9.84566 

10.16134 

9.99242 

10.00758 

10.14676 

9.85324 

30 

31 

84579 

15421 

99267 

00733 

14688 

85312 

29 

32 

84592 , 

16408 

99293 

00707 

14701 

85299 

28 

33 

84605 

‘ 15395 

99318 

00682 

14713 

85287 

27 

31 

84618 

15382 

99343 

00657 

14726 

85274 

26 

35 

9.84630 

10.15370 

9.99368 

10.00632 

10.14738 

9,86262 

25 

36 

84643 

15357 

99394 

00606 

14750 

85250 

24 

37 

84656 

15344 

99419 

00581 

14763 

85237 

23 

33 

84669 

15331 

99444 

00556 

14775 

85225 

22 

39 

84682 

' 15318 

99469 

00531 

14788 

85212 

21 

40 

9.,84694 

10.15306 

9.99495 

10.00505 

10.14800 

9.85200 

20 

41 

84707 

15293 

99520 

00480 

14813 

85187 

19 

42 

84720 

15280 

99545 

00455 

14825 

85175 

18 

43 

! 84733 

15267 

99570 

00430 

14838 

85162 

17 

44 

i 84745 

15255 

99596 

00404 

14850 

85150 

16 

45 

9.84758 

10.15242 

9.99621 

10-00379 

10.14863 

9.85137 

15 

46 

84771 

15229 

99646 

00354 

14875 

85125 

14 

47 

84784 

15216 

99672 

00328 

14888 

85112 

13 

48 

84796 

15204 

99697 

00303 

14900 

85100 

12 

49 

84809 

15191 

99722 

00278 

14913 

85087 

11 

50 

9.84822 

10.15178 

9.99747 

10.00253 

10.14926 

9.85074 

10 

51 

84835 

15165 

99773 

00227 

149S8 

85062 

9 

62 

84847 

15153 

99798 

00202 

14951 

85049 

8 

63 

84860 

15140 

99823 

00177 i 

14963 

85037 

7 

54 

84873 

15127 

99848 

00152 

14976 

85024 

6 

55 

, 9.84885 

10.15115 

9.99874 

10,00126 

10.14988 

9.85012 

5 

66 

84898 

15102 

99899 

00101 

16001 

84999 

4 

57 

84911 

15089 

99924 

00076 

15014 

84986 

3 

58 

84923 

16077 

99949 

00051 

15026 

84974 

2 

59 

84936 

15064 ! 

99975 

00025 

15039 

84961 

1 

60 

84949 

15051 ‘ 

10.00000 

00000 

15051 

84949 

0 

M. 

Cosine. 

Secant. { 

Cotangent. 

Tangent. 

Cosecant. 

Sine. 

M. 


134® 4SO 
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0° Natural Trigonometrical Functions. 179° 


M. 

Sine. 

jVrs. cos. j| Cosecant 

1 Tang. [| Cotang-- 1 Secant. ! 

I'Vrs. sin. 

! Cosine. f]M. 

0 

.oo^oo 

l.OCJO 

Infivire. 


Tr>;:n;i.o. 

l.COOO 

■ .OCv^jO 

; 1.00, -0 

■ 

1 

. 0:29 



. M0 i‘> 

3437.7 

-t .) 


■ . Oo.'O 

59 

2 

. o.:\s 

- 9912 

.171 S. 9 

■ . 0058 

i:is.9 


. ( 

■ .00 jO 

:-8 

3 

* O'J r: i 

. 9:?13 


. OO.ST . 


■ .( in .) 

. (jOO 

.oo-;;-o 

r>7 

4 

. 0ilr> 

. OS.S-l 

8.10. : 1 

. 0116 . 


! .Oj-; ) 


.0000 

56 

5 

.001 13 


«.5^7.-V> 

.on 15 

68 .• ..-'-I 


-OCjO^* 

l..hV'0 

55 

6 

. 0174 

. 9825 

572.96 

. 0174 

572.96 

-0000 

. 0000 

.0000 

54 

7 

. 0204 

. 9796 

491.11 

. 0204 

491.11 

-0000 

. 0000 J 

.0000 

53 

8 

. 0233 

. 9767 

429-72 

. 0233 

429-72 

.0000 

. 0000 

.0000 

52 

9 

. 0262 

- 9738 

381-97 

. 0262 

381.97 

.0000 

. 0000 

.0000 

5^ 

10 

.00291 

.99709 

343.77 

.00291 

343-77 

1.0000 

.00000 

.99999 

50 

11 

. 0320 

. 9680 

312.52 

. 0320 

312.52 

.0000 

. 0000 

. 9999 

49 

12 

. 0349 

. 9651 

286.48 

. 0349 

286.48 

.0000 

. 0001 

. 9999 

48 

13 

. 0378 

. 9622 

64.44 

. 0378 

64.44 

.0000 

. 0001 

. 9999 

47 

14 

. 0407 

. 9593 

■45.55 

. 0407 

45.55 

.0000 

. 0001 

. 9999 

46 

15 

.00436 

,99564 

229.18 

-00436 

229.18 

1.0000 

.00001 

.99999 

45 

16 

. 0465 

. 9534 

14.86 

. 0465 

14-86 

.0000 

. 0001 

. 9999 

44 

17 

. 0494 

. 9505 

02.22 

. 0494 

02.22 

.0000 

. 0001 

. 9999 

43 

18 

1 . 0524 

. 9476 

190.99 

. 0524 

190.98 

.0000 

. 0001 

. 9999 

42 

19 

. 0553 

. 9447 

80.93 

. 0553 

80.93 

.0000 

. 0001 

. 9998 

41 

20 

.00582 

.99418 

171.89 

.00582 

171.88 

1.0000 

.00002 

.99998 

40 

21 

. 0611 

. 9389 

63.70 

. 0611 

68.70 

.0000 

. 0002 

. 9998 

39 

22 

. 0640 

. 9360 

56.26 

. 0640 

56.26 

.0000 

. 0002 

. 9998 

38 

23 

. 0669 

. 9331 

49.47 

. 0669 

49.46 

.0000 

. 0002 

. 9998 

37 

24 

. 0698 

. 9302 

43.24 

a 0698 

43.24 

.0000 

- 0002 

i . 9997 

36 

25 

.00727 

,99273 

137.51 

.00727 

137.51 

1.0000 

.00003 

.99997 

35 

26 

! . 0756 

. 9244 

32.22 

. 0756 

32.22 

.0000 

. 0003 

. 9997 

34 

27 

. 0785 

. 9215 

27.32 

. 0785 

27.32 

.0000 

. 0003 

. 9997 

33 

28 

. 0814 

. 9185 

22.78 

. 0814 

22.77 

.0000 

. 0003 

. 9997 

32 

29 

. 0843 

. 9156 

18.54 

. 0844 

18.54 

.0000 

. 0003 

. 9996 

31 

30 

.00873 

.99127 

114.59 

.00873 

114.59 

1.0000 

.00004 

-99996 

30 

31 

. 0902 

. 9098 

10.90 

. 0902 

10.89 

.0000 

. 0004 

. 9996 

29 

32 

. 0931 

. 9069 

07.43 

. 0931 

07.43 

.0000 

. 0004 

- 9996 

28 

33 

. 0960 

. 9040 

04.17 

. 0960 

04.17 

.0000 

. 0005 

. 9995 

27 

34 

. 0989 

. 9011 

01.11 

. 0989 

01.11 

.0000 

. 0005 

. 9995 

26 

35 

.01018 

-98982 

98.223 

.01018 

98.218 

1.0000 

.00005 

.99995 

25 

36 

. 1047 

. 8953 

5.495 

. 1047 

5.489 

.0000 

. 0005 

. 9994 

24 

37 

. 1076 

, 8924 

2.914 

. 1076 

2.908 

.0000 

. 0006 

, 9994 

23 

38 

. 1105 

. 8895 

Q.469 

. 1105 

0.463 

.0001 

. 0006 

. 9994 

22 

89 

. 1134 

. 8865 

88.149 

. 1134 

88.143 

.0001 

. 0006 1 

. 9993 

21 

40 

,01163 

.98836 

85.946 

.01164 

85.940 

1.0001 

.00007 : 

.99993 

20 

41 

. 1193 

. 8807 

3.849 

, 1193 

3.843 

.0001 

. 0007 

. 9993 

19 

42 

. 1222 , 

. 8778 

1.853 

1222 

1.847 

.0001 

. 0007 

. 9992 

18 

43 

. 1251 

. 8749 

79.950 

I 1251 

79.943 

.0001 

. 0008 

. 9992 

17 

44 

. 1280 

- 8720 

8.133 

, 1280 

8-126 

.0001 

. 0008 

. 9992 

16 

45 

.01309 

.98691 

76.396 

-01309 

76.390 

1.0001 

.00008 

.99991 

15 

46 1 

. 1338 

. 8662 

4.736 

. 1338 

4.729 

.0001 

. 0009 

. 9991 

14 

47 

. 1367 

. 8633 

3.146 

. 1367 

3.139 

.0001 

. 0009 

. 9991 

13 

48 

. 1396 

. 8604 

1.622 

. 1396 

1.615 

-0001 

. 0010 

. 9990 

12 

49 

. 1425 

. 8575 

0-160 

. 1425 

0.153 

.0001 

. 0010 

. 9990 

11 

50 

.01454 

.98546 

68.757 

.01454 

68.750 

1.0001 

.00010 

.99989 

10 

51 

. 1483 

. 8516 

7.409 

. 1484 

7.402 

,0001 

. 0011 

. 9989 

9 

52 

. 1512 

. 8487 

6.113 

. 1513 

6.105 

.0001 

. 0011 

. 9988 

8 

53 

. 1642 

- 8458 

4.866 

. 1542 

4.858 

.0001 

. 0012 

. 9988 

7 

54 

. 1571 

. 8429 

3.664 

. 1571 

3.657 

.0001 

. 0012 

. 9988 

6 

55 

.01600 

.98400 

62.507 

.01600 

62.499 

1.0001 

.00013 

.99987 

6 

66 

, 1629 

. 8371 

1.391 

. 1629 

1-383 

.0001 

. 0013 

. 9987 

4 

57 

. 1658 

. 8342 

0.314 

. 1658 

0.306 

.0001 

. 0014 

. 9987 

, 3 

58 

. 1687 

. 8313 

59.274 

. 1687 

69.266 

.0001 

. 0014 

. 9986 

2 

59 

. 1716 

. 8284 

8.270 

. 1716 

8.261 

.0001 

. 0015 

. 9985 

1 

60 

. 1745 

. 8255 

7.299 

. 1745 

7.290 

-0001 

. 0015 

. 9985 

0 

M, 

Cosine. 

Vrs. sin. 

Secant. 

Co tang. 

Tang. 

CJosec’nt 

Vrs. cos. 

[ Sine, 

iM. 
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JO Natural Trigonometrical Functions. 178® 


K- 

Sine. 

Vrs. cos. 

Coscc’ni 

; Tang. 

Cotang- 

Secant. 

Tra. sin. 

Cosine. 

M. 

0 

.01745 

.98255 

67.299 

.01715 

57-290 

1.0001 

.00015 

-900S5 

60 

1 

. 1774 

. 8226 

6.359 

. 1775 

6.350 

.0001 

. 0016 

. 9984 

69 

2 

. 1803 

. 8196 

5-450 

. 1804 

5.441 

.0001 

. 0016 

. 9984 

68 

3 

. 1832 

. 8167 

4.570 

. 1833 

4.561 

.0002 

. 0017 

. 9983 

67 

4 

. 1861 

. 8138 

3.718 

. 1862 

- 3.708 

.0002 

. 0017 

. 9983 

56 

5 

.01891 

,98109 

52.891 

.01891 

52.882 

1.0002 

.00018 

.99982 

65 

6 

. 1920 

. 8080 

2.090 

. 1920 

2.081 

.0002 

. 0018 

. 9981 

54 

7 

. 1949 

. 8051 

1.313 

. 1949 

1.303 

.0002 

. 0019 

. 9981 

53 

8 

. 1978 

. 8022 

0,558 

. 1978 

0.548 

.0002 

. 0019 

. 9980 

52 

9 

- 2007 

, 7993 

49.826 

. 2007 

49.816 

.0002 

. 0020 

. 9980 

61 

10 

.02036 

.97964 

49.114 

.02036 

49.104 

1.0002 

.00021 

.99979 

60 

11 

. 2065 

. 7935 

8.422 

. 2066 

8.412 

.0002 

. 0021 

. 9979 

49 

12 

. 2094 

. 7906 

7.750 

. 2095 

7.739 

.0002 

. 0022 

. 9978 

48 

13 

. 2123 

. 7877 

7.096 

. 2124 

7.085 

.0002 

. 0022 

. 9977 

47 

14 

. 2152 

. 7847 

6-460 

. 2153 

6-449 

-0002 

. 0023 

. 9977 

46 

15 

.02181 

.97818 

45.840 

.02182 

45.829 

1.0002 

.00024 

.99976 

45 

16 

. 2210 

. 7789 

5.237 

. 2211 

5.226 

.0002 

. 0024 

. 9975 

44 

17 

. 2240 

. 7760 

4.650 

. 2240 

4.638 

.0002 

. 0025 

. 9975 

43 

18 

. 2269 

. 7731 

4-077 

. 2269 

4.066 

-0002 

. 0026 

. 9974 

42 

19 

. 2298 

. 7702 

3.520 

. 2298 

3.508 

.0003 

. 0026 

. 9974 

41 

20 

,02327 

.97673 

42.976 

.02327 

42.964 

1.0003 

.00027 

.99973 

40 

21 

. 2356 

. 7644 

2.445 

. 2357 

2.433 

-0003 

. 0028 

, 9972 

39 

22 

, 2385 

. 7615 

1.928 

. 2386 

1.916 

.0003 

. 0028 

. 9971 

38 

23 

. 2414 

. 7586 

1.423 

. 2415 

1.410 

.0003 

. 0029 

. 9971 

37 

24 

. 2443 

. 7557 

0.930 

. 2444 

0.917 

.0003 

. 0030 

. 9970 

36 

25 

.02472 

.97528 

40.448 

.02473 

40.436 

1.0003 

.00030 

.99969 

85 

26 

. 2501 

. 7499 

S9.97S 

. 2502 

39.965 

.0003 

. 0031 

. 9969 

34 

27 

. 2530 

. 7469 

9.518 

. 2531 

9.506 

.0003 

. 0032 

. 9968 

33 

28 

. 2559 

. 7440 

9.069 

. 2560 

9.057 

.0003 

. 0033 

. 9967 

32 

29 

. 2589 

. 7411 

8.631 

. 2589 

8.618 

.0003 

. 0033 

. 9966 

31 

SO 

.02618 

.97382 

38.201 

.02618 

38.188 

1.0003 

.00034 

.99966 

30 

31 

. 2647 

, 7353 

7.782 

. 2648 

7.769 

.0003 

. 0035 

. 9965 

29 

32 

. 2G76 

. 7324 

7.371 

. 2677 

7.358 

.0003 

. 0036 

. 9964 

28 

33 

. 2705 

. 7295 

6.969 

. 2706 

6.956 

.0004 

. 0036 

. 9963 

27 

34 

. 2734 

. 7266 

6.576 

. 2735 

6.568 

-0004 

. 0037 

. 9963 

26 

35 

.02763 

.97237 

36.191 

.02764 

36.177 

1.0004 

.00038 

.99962 

25 

36 

. 2792 

. 7208 

6,814 

. 2793 

5.800 

.0004 

. 0039 

. 9961 

24 

37 

. 2821 

. 7179 

5.445 

. 2822 

5.431 

.0004 

. 0040 

. 9960 

23 

38 

. 2850 

. 7150 

5.084 

. 2851 

5.069 

.0004 

. 0041 

. 9959 

22 

39 

' . 2879 

. 7121 

4.729 

. 2880 

4.715 

.0004 

, 0041 

. 9958 

21 

40 

^ .02908 

.97091 

34.382 

,02910 

34.368 

1.0004 

.00042 

.99958 

20 

41 

. 2937 

. 7062 

4.042 

. 2939 

4.027 

-0004 

. 0043 

. 9957 

19 

42 

. 2967 

. 7033 

3.708 

. 2968 

3.693 

.0004 

. 0044 

- 9956 

IS 

43 

. 2996 

. 7004 

3.381 

. 2997 

3.366 

.0004 

, 0045 

. 9955 

17 

44 

. 3025 

. 6975 

3.060 

. 3026 

3.045 

.0004 

. 0046 

. 9954 

16 

45 

.03054 

.96946 

32.745 

.03055 

32.730 

1.0005 

-00046 

.99953 

15 

46 

. 3083 

. 6917 

2.437 

. 3084 

2.421 

.0005 

. 0047 

- 9952 

14 

47 

. 3112 

. 6888 

2.134 

. 3113 

2.118 

.0005 

. 0048 

. 9951 

13 

48 

. 3141 

. 6859 

1.836 

. 3143 

1.820 

.0005 

. 0049 

. 9951 

12 

49 

. 3170 

. 6830 

1.544 

. 3172 

1.528 

.0005 

. 0050 

- 9950 

11 

50 

.03199 

.96801 

31.257 

.03201 

31.241 

1.0005 

1 .00051 

.99949 

10 

51 

. 3228 

. 6772 

0.976 

. 3230 

0.960 

.0005 

. 0052 

- 9948 

9 

52 

. 3257 

. 6743 

0.699 

. 3259 

0.683 

.0005 

. 0053 

. 9947 

8 

53 

. 3286 

. 6713 

' 0.428 

. 8288 

0.411 

.0005 

. 0064 

. 9946 

7 

54 

. 3315 

. 6684 

0.161 

. 3317 

0.145 

.0005 

. 0055 

. 9945 

6 

55 

.03344 

.96655 

29.899 

.03346 

29.882 

1.0005 

.00056 

.99944 

5 

56 

. 3374 

. 6626 

9.641 

. 3375 

9,624 

.0006 

- 0057 

. 9943 

4 

57 

. 3403 

. 6597 

9.388 

. 3405 

9.371 

.0006 

. 0058 

. 9942 

3 

58 

. 3432 

. 6568 

9.139 

. 3434 

9-122 

.0006 

. 0059 

. 9941 

2 

59 

. 3461 

. 6539 

8.894 

. 3463 

8.877 

.0006 

. 0060 

. 9940 

1 

60 

. 3490 

. 6510 

8.654 

. 3492 

8.636 

.0006 

, 0061 

. 9939 

0 

M. 

Cosine, 

Vrs. sin. 

Secant. 

Cotang. 

Tang. ( 

23osec’nt 

Vrs. C08. 

Sine, j 

M. 



Table 3 


NATURAL FUNCTIONS 


299 
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M. 

Siue. 

Vrs. cos. 

Cosecant 

! Tang. 

' Cotang. 

Secant. 

;|Vrs. sin. 

Cosine. 

M. 

0 

.03490 

-96510 

28.654 

.03492 

28.636 

1.0006 

i .00061 

.99939 

60 

1 

. 3519 

- 6481 

8.417 

. 3521 

8.399 

.0006 

^ . 0062 

. 9938 

59 

2 

. 3548 

. 6152 

8.184 

. 8550 

8.166 

.0006 

. 0063 

- 9937 

58 

3 1 

. 3577 

. 6423 

7.955 

. 3579 

7.937 

.0006 

. 0064 

. 9936 

57 

4 

. 3606 

. 6394 

7,730 

. 3608 

7.712 

.0006 

. 0065 

- 9935 

56 

5 

.03635 

.96365 

27.508 

.03638 

27.490 

1.0007 

.00066 

.99934 

55 

6 

. 3664 

. 6336 

7.290 

. 3667 

7.271 

.0007 

. 0067 

. 9933 

54 

7 

. 3693 

- 6306 

7.075 

. 3696 

7.056 

-0007 

. 0068 

. 9932 

53 

8 

. 3722 

. 6277 

6.864 

. 3725 

6.845 

-0007 

. 0069 

. 9931 

52 

9 

. 3751 

. 6248 

6.655 

. 3754 

6.637 

.0007 

. 0070 

. 9930 

51 

10 

.03781 

.96219 

26.450 

.03783 

26.432 

1.0007 

.00071 

.99928 

50 

11 

. 3810 

. 6190 

6.249 

. 3812 

6.230 

.0007 

. 0073 

. 9927 

49 

12 

. 3839 

. 6161 

6.050 

. 3842 

6.031 

.0007 

i . 0074 

. 9926 

48 

13 

. 3868 

. 6132 

5.354 

. 3871 

5.835 

.0007 

i . 0075 

. 9925 

47 

14 

- 3897 

. 6103 

5.661 

. 3900 

5.642 

.0008 

i . 0070 

. 9924 

46 

15 

.03926 

.96074 

25.471 

.03929 

25.452 

1.0008 

i .00077 

.99923 

45 

16 

. 3955 

. 6045 

5.284 

. 3958 

5.264 

.0008 

1 . 0078 

. 9922 

44 

17 

, 8984 

. 6016 

5.100 

. 3987 

5.080 

.0008 

1 . 0079 

. 9921 

43 

18 

. 4013 

, 6987 

4.918 

. 4016 

4.898 

.0008 

. 0080 

. 9919 

42 

19 

. 4042 

. 5958 

4.739 

. 4045 

4.718 

.0008 

. 0082 : 

- 9918 1 

41 

20 

.04b71 

.95929 

24.562 

.04075 

24.542 

1.0008 

.OOOC3 

.99917 ! 

40 

21 

, 4100 

. 5900 

4.3S8 

. 4104 

4.367 

.0008 

. 0084 

. 991G 

39 

22 

. 4129 

. 5870 

4.216 

. 4133 

4.196 

.0008 

. 0085 

. 9915 

38 

23 

. 4158 

. 5841 

4.047 

. 4162 

4.026 

.0009 

. 0086 

. 9913 

37 

24 

. 4187 

. 5812 

3,880 

. 4191 

3.859 

.0009 

. 0088 

. 9912 

36 

25 

.04217 

.95783 

23.716 

.04220 

23.694 

1.0009 

-00080 

.99911 

35 

26 

. 4246 

. 5754 

3,553 

. 4249 

3.532 

.0009 

. 0090 

. 9910 

34 

27 

. 4275 

, 6725 

3.393 

. 4279 

3.372 

.0009 

. 0091 

. 9903 

33 

28 

. 4304 

. 5696 

3.235 

. 4308 

8.214 

.0009 

. 0093 

. 9907 

32 

29 

. 4333 

. 6667 

8.079 

. 4337 

3.058 

.0009 

. 0094 

. 9906 

31 

SO 

.04362 

,95638 

22.925 

.04366 

22.904 

1.0009 

' .00095 

.99905 

30 

SI 

. 4391 

. 6609 

2.774 

. 4395 

2.752 

.0010 

. 0096 

. 9903 

29 

S2 

. 4420 

. 6580 

2.624 

. 4424 

2.602 

.0010 

. 0098 

. 9902 

28 

S3 

. 4449 

. 5551 

2.476 

. 4453 

2.454 

.0010 

. 0099 

. 9901 

27 

84 

. 4478 

. 5522 

2.330 

. 4483 

2.308 

.0010 

. 0100 

. 9900 

26 

35 

.04507 

.95493 

22.186 

.04512 

22.164 

1.0010 

.00102 

.99898 

25 

36 

. 4536 

. 5464 

2.044 

. 4541 

2.022 

.0010 

. 0103 

. 9897 

24 

37 

. 4565 

. 6435 

1.904 

. 4570 

1.881 

.0010 

. 0104 

. 9896 

23 

38 

. 4594 

. 6405 

1.765 

. 4599 

1.742 

.0010 

. 0106 

. 9894 

22 

39 

. 4623 

. 6376 

1.629 

. 4628 

1.606 

.0011 

. 0107 

. 9893 

21 

40 

.04652 

,95317 

21.494 

.04657 

21.470 

1.0011 

.00108 

.99892 

20 

41 

. 4681 

. 5313 

1.360 

. 4687 

1-337 

.0011 

. 0110 

. 9890 

19 

42 

. 4711 

. 6289 

1.228 

. 4716 

1.205 

.0011 

. 0111 

, 9889 

18 

43 

. 4740 

. 6260 

1.098 

. 4745 

1.075 

.0011 

. 0112 

- 9888 

17 

44 

. 4769 

. 6231 

0.970 

, 4774 

0.946 

.0011 

. 0114 

- 9886 

16 

45 

.04798 

.95202 

20.843 

.04803 

20.819 

1.0011 

.00115 

.99885 

15 

46 

. 4827 

. 5173 

0.717 , 

. 4832 

0.693 

.0012 

. 0116 

- 9883 

14 

47 

. 4856 

. 5144 

0.593 

. 4862 

0.569 

.0012 

. 0118 

. 9882 

13 

48 

. 4885 

. 5115 

0.471 

. 4891 

0.446 

,0012 

. 0119 

. 9881 

12 

49 

. 4914 

. 5086 

0.350 

. 4920 

0,325 

.0012 

- 0121 

. 9879 

11 

50 

.04943 

.95057 

20.230 

.04949 

20.205 

1.0012 

.00122 

.99878 

10 

51 

. 4972 

. 5028 

0.112 

. 4978 

0.087 

.0012 

. 0124 

. 9876 

9 

52 

. 5001 

! . 4999 

19.995 

- 5007 

19.970 

.0012 

. 0125 

• 9875 

8 

53 

. 5030 

. 4970 

9.880 

. 6037 

9.854 

.0013 

. 0127 

. 9873 

7 

54 

. 6059 

. 4941 

9.766 

. 6066 

9.740 

.0013 

. 0128 

. 9872 

6 

55 

-05088 

.94912 

19.653 

1 .05095 

19.627 

1.0013 

.00129 

.99870 

5 

56 

. 5117 

. 4883 

9.541 

. 5124 

9.515 

.0013 

. 0131 

. 9869 . 

4 

57 

. 5146 

. 4853 

9.431 

. 5153 

9.405 

.0013 

. 0132 

, 9867 

3 

58 

. 5175 

. 4824 

9.322 

. 5182 

9.296 

.0013 

. 0134 

. 9866 

2 

59 

. 5204 

. 4795 

9.214 

, 5212 

9.188 

.0013 

. 0135 

. 9864 

1 

60 ; 

. 5234 

. 4766 

9.107 

. 5241 

9.081 

.0014 

. 0137 

, 9863 

0 

ST 

Cosine*. 

Vrs. sin. 

8t.c4int. ■ 

Co tang. 

Taiig. . 

Cnscc. jit 

Vrs. co>. 

Sine. 
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30 Natural Trigonometrical Functions. 176® 


M. 




Tari;r. 

s* 

' 5t-.':i.rsr 

' 5'!-s. pin. 

Co.Mno 

'>r. 

0 

.05234 

.9176') 

19.1 C7 

.0-5-211 

1-9.681 

l.l-Oll 


.99-6:? 

00 

1 

. 5203 

■ . -:737 

9.0. -2 

. 527-' 

i>.'J7."> 


. Ol.i.S 

. 9-6! 

59 

*.) 

. 5292 


.8 8- -7 

. 5299 

8.871 

.(.-21 1 

. 0110 

. 9860 

■ 5S 


. 5321 

■ . -iOTO 

8.7-:' t 

. *5'?2.4 

8.7'-8 

.C-'l 1 

. C'l i2. 

9^i58 

57 

4 

. 5->5'j 

. :65;) 

■8.t:'_*-2 

. .53.V7 


.( jl-i 

. 01 i:} 

. 9857 

5() 

r> 

.05379 

.91621 

1 8.,59jL 

.0").i-7 


, i.0)l-! 

.(.''■1 -15 

.99855 


(■; 




. 5-110 

^.4'■. 1 

: .t.M5 


. O-.").; 

51 

7 



■ 

. 5t‘-.> 

8.3'"-5 

i .(.JI5 

. t.L,'8 

9-.5-2 

5:? 

S 

. 5l'U) 

. 4.';}i 

i .-.2:"*.5 

. -MV-i 

8.2--8 


- Cl 10 

. 98,-.') 

52 

0 

. 5195 

■ . in. 5 

1 8.19S 


8.171 

.(-21.5 

. CM 51 

. 98 f.' 

5.1 

]0 

.0552-1 

.91-176 

j 

.(V;\:>2 

3. -.07.5 

1.'. oi ■■> 

.0i l.>:.? 

.9l'8 17 

50 

li 

. 5553 

. -1 •= 17 

8. O'. >8 

:>‘»r.2 

7 .9.--) 

.(■Ol .5 

.. 01.51 

. 

19 

3-2 

. 5582 

. -1-. ’.8 

7.91-1 

. 5-5:' 1 

7.8-:o 

.< : 0 

. (.-I,)'.) 

. 9-M 

IS 

3. -5 

. 56 1 1 

. 4389 

7. -82] 

. -v;2-_' 

7.793 


. 01.57 

. P.-?12 

17 

3-1 

. 5->40 

, -1260 

7.73..I 


T.V.'l 

•C-'J 1 -1 

. (>1:59 

. '.--IL 

-TO 

3r> 

.05<k'J 


17. '■;:}«> 

8 

17. CIO 

1.001 •; 

.C'vl'}!. 


-l-'> 

If) 

. .■m'W'; 

. 4:-Xr2 

7.5 59 

- .-‘.-M 

7.520 

.'■no 

. 0162 

. :}7 

It 

37 

. 5727 

. 4273 

7.-5-'.0 

. iVT-JT 

7.-l;?I. 

1-.; 

. C-lCl 

. 98.:’.-> 


3rf 

. 575'> 

. 42-S4 

7.37 2 

. . ) '. ' -6 

7.3;:? 

. .':-.'.i7 

. OIC.G 

. 9-831 


10 

. 5785 

. -123 4 

7.28-5 

. .5795 

7.2.'io 

. ."017 

. ('7 67 

. 9h:?2 

-n 

90 

.058! 1 

.9 i L85 

17. -JOS 

.(•5--.?l 

IT.l-j-O 

; 3.9017 

.(.Ml -SO 

.998:?! 

10 

21 

. 55 n 

. 4156 

7.' 

. 

7.081 

J .0017 

. 1-17J ■ 

. 9.'^29 

:'.9 

22 

. 5872 

. 1127 

7.('2.'< 

. 5--3 

6-990 

.(.'0!7 

. t'J72 


3S 


. 5902 

. -1 098 

6.1-4 1 

. .59 12 

6.915 

1 .OU 17 

. Ol/t . 

. 98-26 

:?7 

21 

. 593:. 

. -V OO 

0.861 

. 59 n 

0.8.J2 

.'7 8, 

. 0176) . 

9821 

:!6 

2;> 

.059':>) 

.9-1 -.MO 

10.779 

.':-52-70 

1«>.7:>0 

1.0018 

.'■'■•17.8 

.99.8-2-2 

3.5 

20 

. oOSO 

. iji: i 

0.69S 

. 5'.-99 

O.C'JS 

-06:8 

. (»170 

. 98.;-.) 

:)l 

27 

. 6018 

. 3'.).S2 .- 

0.017 

• . 0029 

6...587 

.00 1 8 

. 01.81 

98’ 0 


2S 

. 0017 

. 3953 ■ 

0.538 

. 'V. .58 

r...5-j7 

.I'Ol 8 

. 018:? 

9.'' : 7 

3-2 

2i) 

. 607t) 

. 3i)21 

0. t.59 

. . 6*. *^7 

6.42f< 

.(•01 -8 

. 61S.5 

. 98 L. 5 

:?L 

30 

.0-31 05 

.93895 

10.380 

. .0011'} 

ir}..}.)') 

1....I010 

.0 '7 86 

.998.;? 

:}0 

33 ; 

■ . iilS-l 

. :)86m 

6.:'503 

■ . 6M .5 

6.272 

; .0019 

. 018.8 

!‘i»872 

■29 

32 

. 61''::} 

. 

6.226 

. 617 .5 

6.195 

.0019 

. 0190 

. 987 0 

28 

s:} 

. .-.3 92 


(». ! .5'.' 

. C29 1 

6.119 

.001 9 

. 0192 

98; -.8 

■27 

S-l . 

. 6221 

. :-'73 7 

<*.vJ7.5 

. (>23:? 

i:? 

.007 9 

. 0191 


'.^6 

So ' 

.(;62!V.> 

.i?.;750 

IO.Ch") 

.00202 

15.069 

. 1.0019 

.(.'-.-ir'.') 

1 

25 

3.'- : 

. t‘.27'J 

;'V‘2i 

5.920 

. 0291 

5..S91 

i .0026 

. 0107 , 

. P,".':? 

24 

37 

. 0308 

! :v.‘.92 

5.85:? 

. 6:?2l 

5.8?l 


. 0199 

. 98i.»l 

2;? 

3- : 

. (i:i37 

. 3-:6:} 

5. 7.-0 

. 6.;.5i> 

5.7-l.S 

. .0i:-20 

. C‘2'21 

. 97 90 

2'2 

30 ' 



.5.70.8 

. 637 9 

.5.670 

.O0-.>0 

. C'-JO:? 

'.'7'j7 

■21 

40 ■ 


.9:'.6('5 

■ l.».0:?7 

.0<’. I'jS 

1.5.00-5 

1.0020 

.(;020.5 


•20 

43 

. Of.:-! 


5.500 

. 6-J37 

iy.rm 

.0'i21 

. 02-2- } 

. 979;! 

19 

42 

. r-i5:i 

. .‘',547 

5. too 

. 6167 

5.101 

.0"-.>I 

. ('-’OS 

. 97 91 

18 

4:{ ■ 

. 6:82 

. 35 1 S 

;).-127 

. r.41-i 

.:').391 

.(>■521 

. 0 -210 

iJTon 

1.7 

41 

. 6511 

: . 31-9 

5.;}58 

. 6 -5 2> 

5.:?25 

.0-02i 

. (V:>12 

97.^8 

3 6 

45 

.965-10 

! .93160 

J 5.2‘-0 

.06.5.5; 

15.2.57 

1.0021 

.<;'('2n 

.9-;.»7.86 

L5 

4'i 

- t>5'>9 

. 3131 

5.22-2 


5.1-89 

.00>2 

. (-216 ' 

. 9781 

14 

47 

. (>5--s 

' . 314-2 

5.'l-Vi 

. G'-.l .? 

5.122 

.0022 

. 0218 

. 97 .'^-2 

13 

4.S 

. G«r27 

. 3 }7:^ 

5.080 

. 6'. >4 '2 

5.0,"-") 

.00-22 

. 0220 

. y7>o 

1-2 

4-) 

. OO';!) 


5.0-2;? 

1 . 6-}7i 

-1.99-0 

.0022 

. 0222 

. 9778 

1.1 

S'O 

.•■!0i'‘,S5 

.'.■'.isi; 

J I.05S 

i .0r-.7C0 

11.9-M 

J.('-'-22 

.00224 

.99776 

LO 

53. 

. 673-1 

. 32-.5 

4.89.3 

i . 1 

■l..'-'6') 

.00-2.? 

. 022-> 

. 977 1 

<1 

52 

. 

. 32.'>r5 

4.820 

. 67.59 

•1.79') 

.f.-i:'2..} 

. (»22S 

. 9772 

8 

6;>, 

. t>77.> 

3-227 

-1.765 

. 67^') 

4.7:!2 

.0(.»-23 

. 023-:' 

. 0770 

7 

54 

. 050 J 

! ;>19S 

4.7-'>2 

. 6.817 

-i.(;f;s 

.(■i;'23 

. 0231 

. 9768 

6 

6tS 

.06>:i0 

.9:5169 

1-1.6-50 : 

.0r}8 :6 

ll.OC-O 

1.0'9-.>3 

.(;'023.? . 

.99761} 

5 

6fi 

. 6559 

. ;.51-10 

■1 ..578 

. (>87i'> 

4.511 . 

.O'.'O.l 

. (r235 

. 9761 

-t 

57 

. 6SSS 

. 3 111 

4.517 : 

. 60.55 

■1.182 : 

.0024 

. 02;?7 

. 9702 

:! 

58 

. 6'. ' I S 

. 3CS2 

■1.4 )6 ■ 

. C9:}4 

•1.121 ! 

.0021 

. o-j::9 

. 9760 

‘2 

59 

. 6017 

. 3(-.5:5 

4. 35 >5 

. 60.:3 

4.361 

.IK'-i 1 

. 02 IL 

. 975S 

1 

60 

. 6.' Vo 

. 30-.M 

4.:}.3..> 

. 6003 

-1.301 . 

.0021 

. 0-2-1 ;? 

. 9756 

0 

M. 

O't'.-'ii'.e. 

sir.. 

Sc'caut. 

(lorunir. 

T.inp:. 

('Os-«c’llt 

Vr*.. COP. 

Sine. 
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Vrs. cof. ' 


T:-.r»jr. ' 

' Cotanj*:. 

.SeojitiL. 

'I'l-.--. si-.:. 

ro-i’K'. 

or. 

0 

.00976 

.93^124 

li.o35 

.06993 

14.301 

D .o-:-? 1 

.■«C2i:i 

.!;-9756 

60 

1 

. 7-705 

. 2'J.''5 

1.276 

. 70-.>-2 

4 . 2:1 

J.X Jri 

. ( ;!M 

. 97 . j1 

59 

2 

. 7v''r«l 

. 2i'-‘.«' 

“>'7 

. 7651 

4.182 


. C'ViS 


. 5S 

3 

. 71:63 

- 2037 

4.159 

. 7-.'S'9 

4.12:3 

.( 525 

. 

. S'7,:>9 

■ .->7 

-1 

. 7092 

. 290S 

■;.ioi 

. 7110 

4.0'VS 

.0025 

( '■7r2 

. 9718 

: 56 

5 

. 07:21 

.9 is: 9 


.CTT-iO 

ii.o:>8 


.o::2j) 1 

..''.716 

,>a 

C 

. 7‘.7v) 

. 2S<)-:' 

3.^86 

. 7168 

3.9-51 

.0026 

. I..256 

. 9711 

: 5 1 

7 

. 7170 

2>21 

3.93<j 

. 7197 

3.8:' I 

,0i'26 

. C2i:< 

. 9712 


s 

. 7203 

■)-:i > 

3.SV1 

. 7026 

J.-i 

.0026 

. (=2i:5 

. 9740 

. .52 

9 

. 7237 

. 27i;:i 

3.8 ]vS 

. 72,56 

:17.S2 

.vir.U'} 

. C-2(:;> 


.51 

10 

.07266 

.9273 1 

13.763 

.07285 

13.72.7 

1.0026 


.097:56 

. 50 

11 

. 72 O 0 

. 27v'5 

:>.7H8 

. 73! 1 

3.672 

.'■■327 

. ()2i;6 

. 97:53 

. -10 

VI 

. 732-1 

. 2676 

3.6.=St 

. 7;il3 

3.61 7 

.0027 

. 0206 

ci—.n 

. 48 

13 

. 73-'>3 

. 2617 

3. 000 

. 7373 

;i.5V3 

.00; i7 

. 0271 

. 97 '‘9 

■ 47 

l-l 

. 7382 

. 2615 

3..' 17 

74 v> 

;15U> 

.‘.iOlT 

. 0273 

. 9727 


ir> 

.07 in 

.92.»S9 

IS.IOi 

.074,a 

1:1 4 . 57 

1 I'O'T 

. 0-^275 

.9;)725 

-1-5 

ir» 

- 7-1 -iO 

. 2569 

: 0.411 

. V-i60 

3.401 

.002.6 

. 0277 


11 

17 

. 7169 

. 2531 

3.380 

. 7l{>0 

3.:'.5L 

.(■-,528 

. 0279 

. OTV. 

13 

IS 

. 7498 

. 2502 

3.3;{7 

. 7 -519 

3.299 

.0028 

. (J2S1 

. 9718 

■12 

19 

. 7'Vj.7 

. 2473 

0.2-6 

. /•51-5 

3.2 IS 

.(;02S 

. 0281 

. 9716 

11 

20 

.07556 

.9.: Ill 

13.235 

-('.5.7 

13.! 97 

3 .0-.>20 

.(■.■•2S0> 

.997 I 1 

10 

21 

. 7585 

. 2-t:5 

n.is-t 

. 7607 

0 .: 4'> 

.0029 

. 02.-8 

. 0712 

:59 

22 

. 76: 1 

. 2:1-6 

3.134 

. 7'":>6 

3.(‘.'6 

.0C2':» 

. 02 ;, V) 

. 0710 

3S 

23 

. 7643 

. 2:J57 

3.0S1 

. 7665 

3.0-16 

.0029 

- 029 > 

. 9707 

37 

21 

. 7»iT2 


3.0:-; 1 

. 7694 

0 tiO.!\ 

.(K-29 

. ('29,7 

. 97- '5 

.'36 

2.=) 

.07V-:>1 

.922; '9 

1 2.9S 1 

.07721 

12.917 

i.'.vno 

.00297 

.99723 

:5-5 

2rt 

. 7730 

. 2270 

2.937 

. 7753 


.0(-:o 

. C2:>9 

. 9701 

.3-1 

27 

. 7759 

. 2241 

2.-''^8 

. 77.82 

2.S49 

;o 

. (ir>.»L 

. 9(598 

33 

2H 

. 7788 

22:2 

2.84-9 

. 7312 

2.':9i 

.O'r:3.0 

. 0:5.' 1 

. 9'V.;6 


29 

. 7H17 

21 >:5 

2 7‘»:^ 

. 7S11 

2.751 

.00:51 

. 0:500 

. 9001 

;5i 

30 

.07? 1 6 

.92151 

12 .: 1.5 

.07.-70 

12.7i).3 

1.0-,,!: n 

.06:508 

.99692 

30 

31 

. 7875 

. 2125 

2.698 1 

. 7899 

2.659 

.0031 

. 0310 

. 9689 

29 

82 

. 7904 

. 2096 

2.652 

. 7929 

2.612 

.0031 

. 0313 

. 9687 

28 

S3 

. 7933 

. 2067 

2.606 

. 7958 

2.566 

.0032 

. 0315 

. 9685 

27 

34 

. 7962 

. 2038 

2.560 1 

. 7987 

2.520 

.0032 

. 0317 

- 9682 

26 

85 

-07991 

.92009 

12.514 1 

.08016 

12.474 

1.0032 

.00320 

.99680 

25 

36 

. 8020 

. 1980 

2.469 i 

. 8046 

2.429 

.0032 

. 0322 

- 9678 

24 

87 

. 8049 

, 1951 

2.424 

. 8075 

2.384 

.0032 

. 0324 

. 9675 

23 

38 

. 8078 

, 1922 

2.379 

. 8104 

2.339 

.0033 

. 0327 

. 9673 

22 

89 

. 8107 

. 1893 

2.335 

. 8134 

2.295 

.0033 

. 0329 

. 9671 

21 

40 

-08136 

.91864 

12.291 

,08163 

12.250 

1.0033 

.00331 

.99668 

20 

41 

, 8165 

. 1835 

2.248 

. 8192 

2.207 

.0033 

. 0334 

. 9666 

19 

42 

. 8194 

. 1806 

2.204 

. 8221 

2,163 

.0034 

. 0336 

. 9664 

18 

43 

. 8223 

. 1777 

2.161 

. 8251 

2.120 

.0034 

. 0339 

. 9661 

17 

44 

. 8252 

. 1748 

2.118 

. 8280 

2.077 

.0034 

. 0341 

. 9659 

16 

45 

.08281 

.91719 

12.076 

.08309 

12.035 

1.0034 

.00343 

.99656 

15 

46 

. 8310 

. 1690 

2.034 

. 8339 

1.992 

.0035 

. 0346 

. 9654 

14 

47 

. 8339 

. 1661 

1.992 

. 8368 

1.950 

.0035 

. 0348 

. 9652 

13 

48 

. 8368 

. 1632 

1.950 

. 8397 

1.909 

.0035 

- 0351 

. 9649 

12 

49 

. 8397 

. 1603 

1.909 

- 8426 

1,867 

.0036 

- 0353 

. 9647 

11 

50 

.08426 : 

.91574 

11.868 

.08456 

11.826 

1.0036 

.00356 

-99644 

10 

51 

. 8455 

. 1545 

1.828 

. 8485 

1.785 

.0036 

. 0358 

. 9642 

9 

52 

. 8484 

. 1516 

1.7S7 

. 8514 

1.745 

.0036 

. 0360 

. 9639 

8 

53 

. 8513 

- 

1.747 

. 8544 

1.704 

.0036 

. 0363 

. 9637 

7 

54 

. 8542 

. im 

1.707 

! . 8573 

1.664 

.0037 

. 0365 

. 9634 

6 

55 : 

.08571 

.91429 

11.668 

.08602 

11.625 

1.0037 

.00368 

.99632 

5 

56 

. 8600 

. 1400 

1.628 

. 8632 

1.585 

.0037 

. 0370 

. 9629 

4 

57 

. 8629 

. 1371 

1.589 

. 8661 

1.546 

.0037 

. 0373 

. 9627 

3 

58 

. 8658 

. 1342 

1.550 

. 8690 

1.507 

,0038 

. 0375 

. 9624 

2 

59 

■ . 8687 

. 1313 

1.512 

- 8719 

1.468 

.0038 

. 0378 

. 9622 

1 

60 

. 8715 

. 1284 

1.474 

. 8749 

1.430 

.0038 

. 0380 

. 9619 

0 

m7 

Cosine. 

Vrs. sin. 

Secant. 

Cotang. 

Tang. 

Coaec’nt 

Vra cos. 

Sine. 

M, 


4 ® 
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Table 3 


S® Natural Trigonometrical Functions. 174® 


M. 

P'l'f*. 

f;os. 

1 ^C-osc'c’t: 

t* Tnnc. 

Il 

' Secant. 

' ’ Vrp. sin. 

1 Copino. 

M. 

0 

S f m Kj 

-0 ! 1 

l!.-17l 

.'S710 

ll.i:>a 

1.003.S 

-05380 

1 .99019 

00 

1 

. STM 

. r2 5 -5 

3 . KJ'i 

■ . « . . S 

3 .:>22 

.003S 

. 03S3 

i . 9 .: 17 

.59 

-■> 

. S773 

- "2.:'i 

■ 1 

. r S'.>7 

1 .35 L 

.0G:)0 

. 0.JS6 

1 . 903-1 

.58 

3 

. 2 

"1 ‘‘■7 

1.2o-) 

. #^S37 

3.31G 

' .OO.ivl 

. (MISS 

. 9o7 2 

;57 

■1 

. s*-.:',! 

. r.t;s 

1 .323 

. f'S-S'.} 

1.270 

.0030 

. {.\'> 0 i 

. 9009 

06 

5 



31.2SO 

.1 

11.242 

1.0'>3'.) 

.o;:303 

.99»>07 

55 

<) 

. ■S.''-r) 

. Ill ) 

1 . 21 ;) 

. SJ25 

3 .:’55 

0 

0 

. 0305 

; . OoOt 

-5-1 

7 


- ■!|■■^:> 

1.22 3 

. Si251. 

l.“i 

. .OjIO 

. o: jos 

- 9001 

. 5 ;.; 

S 

. sor; 


! 3..i.75 

. - S0.S3 

1. :.32 

; .0010 

. (MOL 

. . 9599 

52 

i) 

. 8i)7o 

. I021 

■l.L-Sl 

. 9013 

1.095 

! 

. 0101 

■ . 9.596 

-51 

10 

.C‘?0;;5 


11.104 

■ .09:.-i2 

13 .05 J 

1 l-OG-il 

.OOIOG 

: .99:591 

50 

31 

. o:;-M 

. 1)2 

: 3 .00-0 

j . 9..-7L 

1.024 

i .Ol-41 

. C 109 

. 9591 

■19 

li 

. 9::--3 

. 0;)27 

1.03.3 

! . nir.i 

0.9S3 


. cm 

. 9.5SS 

48 

l.{ 

. 9Cj2 

. o.y:> 

U.09S 

1 . 9JoO 

0 . 05.3 

i .0' SI. 

. on -i 

. 95.86 

■17 

1-; 

. 9 ’. 21 

. OrTO 

: 0.903 

■ . <'':o 

0.013 

j .C' ;2 

. on.7 

. 9-5S3 

if> 

3 5 


.9:S50 

■ 10.920 

.oriso 

10..S’=f3 

! 1.(,012 

.OOll'J 

.90.580 

45 

l-i 

, 9170 

. 02 ■ 

. 0.8:-4 

. 92“.. S 

O.-biS 

1 .(MM2 

. 0122 

. . 957S 

41 

17 

, y-.-.os 

_ f.7'Z*2 

■ (■..'^■.•0 

. 92-;7 

(•■.ST I 

! .Oi'iS 

. (jl2"> 

1 . 9575 

43 

IS 

. 0:37 

. C'7 03 

‘ G.S2o 

. . 9277 

().7>0 

: .00;:) 

. 04 27 

1 . 9,572 

12 

10 

. 92:>C> 

- iiT:)! 

0.7:'2 

. 9.1.'o 

(.-.740 

■ .or- ‘.3 

. 0130 

! . 9570 

41 

ti.) 

■■J./.'Oo 

.C-:7')5 

3 0.7.-S 

.o:c35 

10.712 

: .l.roi:.) 

.0913.3 

.9i>.5G7 

40 

21. 

. OlV-M 

. G''7v> 

0.725 

. 9375 

(•.073 

1 

. 0I3*> 

. 9.5()1 

:;9 

■> 

. 1)353 

. OC-17 

.■ 0.092 

93'-; 

O.G 15 

. 0 ,; !4 

. 01:'iS 

. 9.5(,>2 

.38 

23 

. 03.^2 

. OiiiS 

: O.GVO 

. 9123 

0.072 


. oni 

. 95:59 

37 

21 

r. • 1 ! 

. C'5S9 

(:'.'>2(> 

. 0453 

0.570 

.0-.) S 1 

. OMl 

. 9,55-3 

36 

2;> 


.OO.'il.) 

: 10. 593 

. .C0i=2 

jo.5;r> 


.00 1 95 

.91'553 

.35 

2'.) 

. OltiS) 

. o.'vn. 

. 0.501 

. . 05:1 

0.5- -3 


. 04 -.9 

. 0551 

:U 

r.7 


. 05;;2 

0.520 

: . 9513 

0.-:Sl 

.5 

. 01.32 

. 9.5.!S 1 

3:3 

2S 

. 9.">:>.7 

. 0173 

; {^.■107 

! . 9570 

0.4(0 

.O'.'Mo 

. (■■i5r> 

. 0545 ‘ 

32 

29 

. O i")-;; 

. OJM 

■ 0. :05 

. 9 . 50 a 

C.41V 

.00 M> 

. (M.-^S 

. i'542 

31 

30 


.90 r -5 

. 10, 

; .i,'9f!2a 

i:.-.3-5 

3.C0M 

.00 !i‘0 

.9ii.5-l0 

30 

31 

. iv‘.-j.? 

. 0 :j-c» 

. 0.!'.)2 

' . 9i.: :3 

ti.;-5i 

.C.-MG 

. 0-1 (-.3 

. 9-537 

20 

;;■> : 

: ^ r..; JO 

. O. joV 

0.:J73 

. . 9-- SS 

('.;v >2 

.•'■■•-: 7 

. 04':i> 

. 9-53-1 

23 

G:1 

! oiivi 

. 032S 

0.:{ 10 

■ . 9717 

0.291 

.0047 

. 0 I*’-.) 

. 9 >;-?i 

'27 

f?l 

. 07C-..> 

. ''>:;00 

0.3.39 

. 0740 

o.:v;o 

.(017 

. 0;72 

. ft.52S I 

2(5 

3;» 

.0'.‘721) ■ 

.:-:s2:i 

J0.27S 

.00770 

1 .-s >i) 

l.-KilS 

.00171 , 

. .99.52.5 ■ 

2.5 

3'J 

. 1'7-"S 

. i2 

0.2 ;.s 

. 0>'.'.5 

o.i-ao i 

.00 IS 

. (M77 

. 4 .523 

2t 

37 

. 9-.S7 

. o-.: : 3 

0.23 7 

. 0^31 

0.1 os ' 

.OlMS 

. OJSO 1 

. 9.520 

2:3 

3S 

, 

. 001 

0.7 <7 

. O.'-.-l 

o.\;.3 , 

.Cuts 

. o;s3 ' 

. 4»:>17 

■>■■> 

S‘> . 

. OS :5 

. 0! v3 

(} 57 

. PS03 

O.IOS 1 

.C-OlO 

. OlSi> i 

. 9.5 1-t 

-il 

<10 . 

.C;i>-17 ! 

.9..V.26 

10.327 

.O',;'.. »•> 

l.'-.ClS ‘ 

i.r-MO 


.9957 L 

20 

41 


. (.-.■97 

(' ''O'* 

. 9052 

0.043 

i .(-.-10 

. 0191 

. 4».5C'S 

19 

4:i 


. c:v;s 

o.oo,s 

02i:l 

0.019 

.0050 

. 0191 

. 4)5(i-> 

18 

4.{ 

' vb.iT 


0.039 

' 11 


.0050 

. (M97 

. 9.50.3 

17 


. oooo 

. co:o 

0.010 

!~o-: To 

.9.;;oi 

.0050 

. i 

. 9.500 

16 

45 1 

.T '■.'''■9 

-SOI 'SI 

0.9.- 3 2 

.iv-:oo 

9.0310 

1.0050 

.00523 : 

.9944)7 : 

1.5 

4-; ! 

. 00 ; s 

. i:.?.>2 

.9-52") 

. (-509 

. 0.921 

.in ■51 

. O. lC. j 

. 914)1 ; 

11 

47 i 

. OCITT 

9923 

.‘>23:) 

■ , 0 : 2 s 

.373 i 

.0051 

. or9')9 1 

. 9 191 . 

13 

4‘> 

. 03 is; = 

. O-O-l 

.Sl»55 

. 015 .> 

.8;‘!5 ; 

.of-r-i 

. 057 2 , 

. 0-1 SS 

J2 

4‘j 

. -..I.-U 

. 9'^' >5 

■ .^.)72 

; . 01 S7 

.Sitj; * 

.('0-52 

. 0.51.5 

. 94 S5 

11 

f?'.) 


.S9S30 

9.^:;V'3 

: .102 :.0 

9.7>.S2 

3 .0- ‘52 

. .OOolS 

.9aiS2 

10 

51 


. 9S;)7 

.>3 12 

. 0211) 

.7.;oi 

.(V'.52 

. 0521 , 

. 9179 

9 

5> 

! (.227 

. 9779 

.7.S3L 

. 027.> 

.7322 

. 00.53 

. 0521 ' 

. 9176 

8 

53 

. 02.>-.'i 

. 1?750 

.75.5 S 

. C305 

.70 14 

.i:-j53 

. 0527 1 

. 917:1 

7 

51 

. (^270 

. 9721 

.72S.i 

. 03:31 

.0. '.iS 

.0033 

. 0.'30 ■ 

. 0170 

6 

55 

.i;)3.'s 

.s9i ;<.'■> 

0.7 il.) 


9.C493 

1.0. 53 

.00.5,53 i 

.994!‘.7 

.5 

5o 

. 03)7 

. <v303 

.07:;.) 

. C:i9.3 

.0220 

.0;)5l 

. 0r)3(> 1 

. 9101 

4 

57 

. f-.lOt) 

. I'-'-ol 

.•14GJ 

. 0122 

.5010 i 

-0:5 1 

. 0.5;.59 I 

. 9-101 

3 

GS 

. 03‘>5 

. 9.:05 

.02iv.) 

. 0452 

• ;) 1 

1 

. C512 

. 91.5S 

2 

f;> 

. 012-1 . 

. 9570 


. 0483 

.5;il 

.•>0^5 

. 0515 

. 91,55 

1 

Cl 

. oi-5;t j 

. '..'■'J-iT ‘ 

1 

1 

. 0510 

j j 

.5111 . 

.0..'i55 

t 

. C5iS 

. 9!, 52 

0 

M. 1 

Cosine, j 

Vrs. sin.i 

I Secant. 

I Cotang. 1 

Tang. 1 

Cosec* nt| 

ivrs. cos. 1 

Sine. |m. 
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6® Natural Trigonometrical Functions. 173° 


M. 

Sine, j 

Trs. COS- 


Cosec’nti 

Tang. 

Co tang- 

Secant, 

|Tra. sin. 

Cosine. 

M. 

0 

.10453 

.89547 


9.56G8 

-m510 

9-5144 

1.0055 

.00548 

.99452 

60 

1 

. 0482 

. 9518 


.5404 

. 0540 

.4878 

.0055 

. 0551 

. 9449 

59 

2 

. 0511 

. 9489 


.5141 

. 0569 

.4614 

.0056 

- 0654 

. 9446 

58 

3 

. 0540 

. 9460 


.4880 

. 0599 

.4351 

.0056 

. 0657 

. 9443 

57 

4 

. 0568 

. 9431 


1 .4620 

. 0628 

.4090 

.0056 

. 0560 

. 9440 

56 

6 

.10597 

,89402 


1 9.4362 

.10657 

9-aS31 

1.0057 

.00563 

.99437 

55 

6 

. 0626 

. 9373 


S .4105 

. 0687 

.3572 

.0057 

. 0566 

. 9434 

54 

7 

. 0655 

. 9345 


.3850 

. 0716 

.3315 

.0057 

. 0569 

. 9431 

53 

8 

. 0684 

. 9316 


.3596 

. 0746 

-3060 

.0057 

. 0572 

i . 9428 

52 

9 

. 0713 

. 9287 


.3343 

- 0775 

.2806 

.0058 

. 0575 

i . 9424 

51 

10 

.10742 

.89258 


9.3092 

.10805 

9.2553 

1.0058 

.00579 

.99421 

50 

11 

. 0771 

. 9229 


: .2842 

. 0834 

.2302 

.0058 

. 0582 

. 9418 

49 

12 

. 0800 

. 9200 


-2593 

, . 0863 

.2051 

.0059 

. 0585 

. 9415 

48 

13 

. 0829 

. 9171 


1 -2346 

. 0893 

.1803 

.0059 

. 0588 

. 9412 

1 47 

14 

. 0858 

. 9142 


.2100 

s . 0922 

.1555 

.0059 

. 0591 

. 9409 

46 

15 

.10887 

.89113 


9.1855 

! .10952 

9.1309 

1.0060 

.00594 

.99406 

45 

16 

. 0916 

. 9084 


.1612 

. 0981 

.1064 

.0060 

. 0597 

i . 9402 

44 

17 

. 0944 

. 9055 


.1370 

1 - 1011 

-0821 

.0060 

. 0601 

. 9399 

43 

18 

. 0973 

. 9026 


,1129 

. 1040 

.0579 

.0061 

. 0604 

. 9396 

42 

19 

. 1002 

. 8998 


.0890 

1 . 1069 

.0338 

.0061 

. 0607 

: . 9393 

41 

20 

.11031 

.88969 


9.0651 

.11099 

9.0098 

1.0061 

.00610 

1 -99390 

40 

21 

. 1060 
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S® Natural Tri gonometrical Functions. 171 ® 

M. Sitie. Trs. cos. j Cosec^nt j Tang. Cotang. Secant. Vrs. sin. Cosine. M. 

0 .13917 .86083 7.1853 .14054 7.1154 1.0098 .00973 .99027 

1 . 3946 . 6054 .1704 . 4084 .1004 .0099 . 0977 . 9023 59 

2 . 3975 . 6025 -1557 - 4113 .0854 .0099 - 0981 . 9019 58 

5 - 4004 . 5996 .1409 . 4143 .0706 .0099 . 0985 . 9015 57 

4 . 4032 . 5967 .1263 . 4173 .0558 .0100 . 0989 . 9010 56 

6 .14061 .85939 7,1117 .14202 7.0410 1.0100 .00993 -99006 55 

6 . 4090 . 5910 .0972 . 4232 .0264 .0101 - 0998 - 9002 

7 . 4119 . 6881 .0827 . 4262 .0117 .0101 . 1002 . 8998 

8 - 4148 . 5852 .0683 . 4291 6.9972 .0102 . 1006 . 8994 

9 . 4176 , 5823 .0539 . 4321 .9827 .0102 , 1010 . 8990 

10 .14205 .85795 7.0396 .14351 6.9682 1.0102 .01014 .98986 

11 . 4234 . 5766 .0254 . 4380 .9538 0103 , 1018 . 8982 

12 . 4263 . 5737 .0112 . 4410 ,9395 0103 . 1022 . 8978 

1.3 . 4292 . 6708 6.9971 . 4440 .9252 .0104 . 1026 . 8973 

14 . 4320 . 5679 .9830 . 4470 .9110 .0104 . 1031 . 8969 

16 .14349 .85651 6.9690 .14499 6.8969 1.0104 .01035 .98965 

16 . 4378 . 5622 ,9550 . 4529 .8828 .0105 . 1039 , 8961 

17 . 4407 . 5593 .9411 . 4559 .8687 .0105 . 1043 . 8957 

18 . 4436 . 5564 .9273 . 4588 .8547 .0106 . 1047 . 8952 

19 . 4464 , 5536 -9135 . 4618 .8408 .0106 . 1052 . 8948 

20 .14493 .85507' 6.8998 .14648 6.8269 1.0107 .01056 .98944 

21 . 4522 . 5478 .8861 . 4677 ,8131 .0107 . 1060 . 8940 

22 . 4551 - 5449 .8725 .*4707 .7993 .0107 . 1064 . 8936 

23 . 4579 . 5420 .8589 . 4737 ,7856 .0108 . 1068 . 8931 

24 . 4608 . 5392 .8454 . 4767 .7720 .0108 . 1073 . 8927 

25 .14637 -85363 6.8320 .14796 6.7584 1.0109 .01077 .98923 

26 . 4666 . 5334 .8185 . 4826 .7448 .0109 . 1081 . 8919 

27 . 4695 . 5305 .8052 , 4856 .7313 .0110 . 1085 . 8914 

28 . 4723 . 5277 .7919 . 4886 .7179 .0110 . 1090 . 8910 

29 . 4752 . 6248 .7787 . 4915 .7045 .0111 . 1094 . 8906 

80 .14781 .85219 6.7655 .14945 6.6911 1.0111 .01098 .98901 

31 . 4810 , 6190 .7523 . 4976 .6779 . 0111 . 1103 . 8897 

82 . 4838 . 6161 .7392 . 5004 .6646 .0112 j . 1107 . 8893 

33 . 4867 . 6133 .7262 . 5034 .6514 .0112 I . 1111 . 8889 

84 . 4896 . 5104 .7132 . 5064 .6383 .0113 . 1116 . 8884 

35 .14925 -86075 6.7003 .15094 6,6252 1.0113 .01120 .98880 

S6 . 4953 . 5046 .6874 . 5123 .6122 .0114 . 1124 . 8876 

87 . 4982 . 6018 .6745 . 5153 .5992 .0114 . 1129 . 8871 

38 - 5011 . 4989 .6617 . 5183 ,5863 .0115 , 1133 . 8867 

39 . 6040 . 4960 ,6490 . 5213 .5734 .0115 . 1137 . 8862 

40 .15068 .84931 6.6363 .15243 6.5605 1.0116 .01142 .98858 

41 . 5097 . 4903 .6237 , 5272 ,5478 .0116 . 1146 . 8854 

42 . 5126 . 4874 .6111 . 5302 .5350 .0116 . 1151 . 8849 

43 . 5155 . 4845 .5985 . 5332 .5223 .0117 . 1155 . 8845 

44 . 5183 . 4816 .5860 . 5362 .5097 .0117 . 1159 . 8840 

45 .15212 .84788 6.5736 .15391 6-4971 1.0118 .01164 -98836 

46 . 5241 . 4759 .5612 . 5421 .4845 .0118 . 1168 . 8832 

47 . 5270 . 4730 .5488 . 5461 .4720 ,0119 . 1173 . 8827 

48 . 5298 . 4701 -5365 . 5481 .4596 ,0119 . 1177 . 8823 

49 . 5328 . 4672 .5243 . 5511 .4472 .0119 , 1182 . 8818 

50 .15356 .84644 6.5121 .15540 6.4348 1.0120 .01186 .98814 

61 . 6386 . 4615 .4999 . 6570 .4225 .0120 . 1190 . 8809 

52 . 5413 . 4586 .4878 . 6600 .4103 .0121 . 1195 . 8805 8 

63 . 5442 . 4558 .4757 . 5630 -3980 .0121 , 1199 - 8800 7 

64 . 5471 . 4529 .4037 . 5659 -3859 .0122 . 1204 . 8796 6 

65 .15500 .84600 6.4517 .15689 6.3737 1.0122 .01208 .98791 5 

56 . 6528 - 4471 .4398 . 6719 .3616 .0123 . 1213 . 8787 4 

57 . 5557 . 4443 .4279 . 6749 .3496 .0123 . 1217 . 8782 3 

58 . 5586 . 4414 .4160 . 6779 .3376 .0124 . 1222 . 8778 2 

59 . 5615 . 4385 .4042 . 6809 .3257 .0124 . 1227 . 8773 1 

60 . 6643 . 4356 .3924 . 5838 | .3137 .0125 . 1231 - 8769 0 

M. Cosine. "Vrs. sin. Secant. Ootang.} Tang. Ooseo*nt [Vrs. cos. Sine. M. 
PS® 8^® 





306 


NATURAL FUNCTIONS 


Table 3 


90 


Natural Trigonometrical Functions. 


1700 


ST. ' Pire. 


•1 pf-i- 

— t 

’ Tr.=. Co^ino 

. ’M. 

0 .Vv-r.i 

.8 :::V) 

C. -'.'.M 

.17 -^S 

■■ 6..'” T 

l.C’ '5 

.01231 

.08769 

■ GO 

1 

- 

. .“i-S 

.3-'‘ 7 


■ 9 


. 12, ',6 

. 8764 

; 59 

2 

. 5:o] 

. i;:.)! 

.35 90 

. 571 S 

. .■>;>. 1 

.(■I 

. 12L() 

- 8760 

■ 58 


. 5730 

.'■■ 7.1 

.I:-)?-! 


.27^3 


. :i 2 :i> 

. 87;?5 

! 

-j 

. 

- 

-I'-l- S 

- 4 


.Ci 2 M 

. 1219 

. 

: 5(> 

b 


3 


: .l.'.-T 

■ 6.2518 

l.a:>7 

. 012 ot 

.'.> 7 1(> 

55 

6 

. .";S ■ 6 

. 1 

.32.: ^ 

. *■ '77 

,2 !.''2 

.(.127 

. J2-9 

. C“7.'l 

: 51 

7 

. l-l 

‘ . ■/. ;“5 

. 31:3 

• • - ' ! 7 

. 2 , 

.Cl :>< 


. 8737 

: 53 

,S 

. 5.'7;{ 

. 4Z'.7 

.29,;) 

rTTCT 


i .( I ■-■8 

. 12C,S 

. 873-2 

■ 5-2 


. ;>.'02 

m -'jV ■ 

.2^-.r> 

! . ti- 7 

.■2',-S5 

.(:20 

. ■1272 

. . 87-27 

51. 

10 

. ; 

-t 

i r,.27;2 


6. 

l.t 12'.) 

. 0:277 

.9-723 

50 

11 

. 5:'o9 

. i.:L 

i .2679 

■ . 01 '‘7 

_ t > 

.O-l.'JO 

. .12,- -2 

■ . 8718 

■19 

12 

. 6J84 

. 1 Z'.l 

1 .‘Joo,; 

. 0^:6 

.17:2 

.0!;o 

. 12S'5 

. 87 M 

■18 

1 :? 

. oj;v 

. 3. '■-> 

. 2 1 .; ; 

- ('2 .0 

.\‘\2r> 

.( i;-.! 

. 12 il 

- 8709 

-17 

1‘1 

. f;.)45 

. 

.23. ;2 

. . 


; J:na 

. I20'5 

. 870 1 

■I'i 

Ifi 

.1C.V.4 

■ 

6 . 22 ; 1 . 

! .l'‘2'-i‘i 

6.1 ' ■;» 

, .1.(1 ::2 

.01 

.087C'') 

■l5 

ll) 

. <-703 


.;>ICJ 

i - « .».l4 


.(132 

. I3;.5 


M 

17 

. (57 32 

. ::'{;8 


. 0 ; 5 j 

.1578 

i .1133 

. 1310 

. 8690 

'!3 

18 


. 0 

.i-'O 

: . C37’> 

-3C'.:6 

' .ii;::? 

. 13 i 1 

. 8685 

r> 

19 

. C18') 

. :-l 

.IT'.O 

■ . ( • ^ 

.9055 

■ .',131 

- 13'. 9 


11 

20 

-Ki'-ns 


(i.l'-a 

.7 i 

6.0-; 1 

■I..( 131 

.o:;;2i 

: .O.-VJTi; 

-iO 

21 


. 37. Vi 

.l-'.'J 

. 0I65 

.'• 7 ::-! 


. I32S 

■ . ^-;7l 

:-;9 

22 

. ) 

"7i2-" 

. 1 i 4 

• , 04J-“> 

.('■:2i 

.'■135 

. -loss 

: . 8667 

3.3 

23 

; . <vI0i 


.1 t^3-» 

■ . O.'jJo 

.O.'M 

* .1*1 -iO 

. i;:3S 



24 

, . i;033 


. 1 2‘_ 7 

■ *J- *• ) 


.'•136 

. |::i.3 



25 

1 .L'.-.3C1 


6.7 .21 

.1 

o.o:::--.; 





2« 

! - 

. 

.1513 

. 

.r»>s 

.■..'137 

. ::‘-.>2 


31 

27 

. i‘119 

. ! 

.(.■■..•.‘*5 

. 0if:44 

.0- -0 

.VU?7 

. 1357 

. 861.3 

2.3 

2i^ 

. t'.MV 

. ;■■■:» i.J 

•C.'.O 

. 6'. “7 ; 

5.9072 

; .01 3S 

. ■l:?''.2 

. 863.S 

32 

29 

. M7'j 

. ;>,)2L 

J. 

- 

.9n)5 

■ .01 :S 

. l;5'‘T 


31 

SO 

.16605 

.83495 

6.05S8 

.1(5734 

6.9758 

1.0189 

.01371 

.98628 

30 

SI 

. 6533 

. 3456 

.0483 

. 6764 

.9651 

.0139 

. 1376 

. 8624 

29 

S2 

- 6662 

. 3438 

.0379 

. 6794 

.9545 

.0140 

. 1381 

. 8619 

28 

3S 

. 6591 

, 3409 

.0274 

. 6S24 

,9439 

.0140 

. 1886 

. 8614 

27 

34 

. 6619 

. 8380 

.0170 

. 6854 

.9333 

.0141 

. 1391 

. 8609 

26 

35 

.16648 

.ssa52 

6.00C6 

.16884 

5-9228 

1.0141 

.01395 

.98604 

25 

36 

. 6677 

. 3323 

6.9963 

. 6914 

.9123 

.0142 

- 1400 

. 8600 

24 

S7 

. 6705 

. 3294 

.9860 

. 6944 

.9019 

.0142 

. 1405 

. 8595 

23 

38 

. 6734 

. 3266 

.9758 

. 6973 

.8915 

.0143 

. 1410 

. 8590 

22 

39 

. 6763 

. 8237 

.9655 

. 7003 

.8811 

.0143 

. 1415 

. 8585 

21 

40 

.16791 

.83208 

5.9554 

.17033 

6.8708 

1.0144 

.01420 

-98580 

20 

41 

. 6820 

. 3180 

.9452 

. 7063 

.8605 , 

.0144 

. 1425 

. 8575 

19 

42 

. 6849 

. 3151 

-9351 

. 7093 

.8502 

.0145 

. 1430 

. 8570 

18 

43 

. 6S7S 

. 3122 

.9250 

. 7123 

.8400 

-0145 

. 1434 

, 8565 

17 

44 

. 6906 

. 3094 

.9160 . 

. 7153 

.8298 

.0146 

. 1439 

. 8560 

36 

45 

.16935 

.83065 

5.9049' 

-17183 

6.8196 

1 1.0146 

.01444 

.98556 

15 

46 

. 6964 

. 3036 

.8950 

. 7213 

.8095 

.0147 

. 1449 

. 8551 

14 

47 

. 6992 

. 3008 

-8850 

. 7243 

.7994 

.0147 

. 1454 

. 8546 

13 

48 

. 7021 

- 2979 

.8751 

. 7273 

.7894 

.0148 

. 1459 

- 8541 

12 

49 

. 7050 

. 2950 

.8652 

. 7303 

.7793 

.0148 

. 1464 

. 8536 

11 

50 

.17078 

1 ,82922 

5.8554 

.17333 

6.7694 

1.0149 

.01469 

-98631 

10 

51 

. 7107 

. 2893 

.8456 

. 7363 

.7594 

.0150 

. 1474 

. 8526 

9 

52 

- 7136 

. 2864 

.8358 

. 7393 

.7495 

.0150 

■. 1479 

. 8521 

8 

53 

. 7164 

- 2836 

.8261 

. 7423 

.7396 

.0151 

. 1484 

. 8516 

7 

54 

. 7193 

. 2807 

.8103 

. 7463 

.7297 

.0151 

. 1489 

. 8511 

6 

65 

.17221 

.82778 

5.8067 

.17483 

5.7199 

1.0152 

.01494 

.98506 

5 

55 

, 7250 

. 2750 

.7970 

. 7533 

.7101 

.0152 

1 . 1499 

. 8501 

4 

57 

. 7279 

. 2721 

.7874 

. 7543 

.7004 

.0153 

. 1604 

. 8496 

3 

68 

. 7307 

. 2692 

1 .7778 

. 7573 

.6906 

.0153 

. 1509 

- 8491 

2 

59 

. 7336 

. 2664 

-7683 

. 7603 

.6809 

.0154 

. 1514 

. 8486 

1 

60 

. 7365 

. 2635 

.7588 

. 7633 

-6713 

.0154 

. 1519 

. 8481 

0 

57 

OoBine. 

Vra. Bin. 

Secant. 

Cotang. 

Tang. 

Oosec’ntt 

Vra. cos. 

Sine. 

mT 
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10® Natural Trigonometrical Functions- 169® 


M. 

Sine. 

Vra. cos. 

Cosec ’ntj 

Tang, t ( Cotang. I 

Secant. H'Vrs. Bin.j Cosine. 

M. 

0 

.17365 

.82635 

5.7588 


5.67': 3 


.0T>19 

.2- *. -1 

CvO 

1 

- 7393 

. 2606 

.7493 


.06' r> 

.0150 

. lV.ll 

. tr. 6 

59 

2 

. 7422 

. 2578 

.7398 

. 7-!; -3 

;o 



. 8171 

5S 

3 

. 7451 

. 2549 

.7304 ■ 

. 7723 




. 


4 

. 7479 

. 2521 

.7210 

. 77.53 

.6320 ■ 


. 1539 

. 8160 

56 

5 

,17508 

.82492 

5.7117 

.■!7T''3 


1 

. 0 : 5:4 

.OS i55 

,'»5 

6 

, 7537 

. 2463 

.7023 

. 7SL3 

.61 \j 


. :.vo 

. 8 150 

51 

7 

, 7565 

. 2435 

.6930 

. 

.iV--;."* 


. .■■V>5 

. 84 15 

53 

8 

. 7594 

. 2406 

.6838 

. :.-7:'> 

.5'. ■' 1. 


. "s.SiTi 

81 !0 

r>2 

9 

. 7622 

. 2377 

.6745 

. 72t;3 


1 "'9 

■ . .-y ■■> 

. St 3 .) 

51 

10 

.17651 

.82349 

5.6653 

.j723;> 

5.5V01 

1.- 

.(V3T:> 

.98130 

r)0 

11 

. 7680 

. 2320 

.6561 

- 7i'';3 

.5;-7() 

.i, ■ 

. 1 . r> 

. 812) 

49 

12 

. 7708 

. 2291 

.6470 

- 7993 

-5578 

.0160 

. 1580 

. 8419 

48 

13 

. 7737 

. 2263 

.6379 

. 8023 

-5485 

.0161 

. 1585 

- 8414 

47 

14 

. 7766 

. 2234 

.6288 

. 8053 

.5393 

.0162 

. 1591 

. 8409 

46 

15 

-17794 

.82206 

5.6197 

.1S0S3 

5.5301 

1-0162 

-01596 

.98404 

45 

16 

. 7823 

. 2177 

.6107 

. 8113 

.5209 

.0163 

. 1601 

. 8399 

44 

17 

. 7852 

. 2148 

.6017 

. 8143 

.5117 

.0163 

. 1606 

. 8394 

43 

18 

. 7880 

. 2120 

.5928 

- 8173 

.5026 

.0164 

, 1611 

. 8388 

42 

19 

. 7909 

. 2091 

.5838 

. 8203 

.4936 

.0164 

. 1617 

. 8383 

41, 

20 

.17937 

.82062 

5.5749 

-1S233 

5-4845 

1.0165 

.01622 

.98378 

40 

21 

. 7966 

. 2034 

.5660 

. 8263 

-4755 

.OKS 

. 1627 

. 81^73 

39 

22 

. 7995 

. 2005 

.5572 

. 8293 

.4665 

.0166 

. 1632 

. 8368 

38 

23 

, 8023 

. 1977 

.5484 

. 8323 

.4575 

.0166 

. 1638 

. 8362 

37 

24 

. 8052 

. 1948 

.5396 

. 8353 

.4486 

.0167 

. 1643 

. 8357 

36 

25 

.18080 

.81919 

5.5308 

.18383 

5.4396 

1.0167 

.01648 

.98352 

35 

26 

. 8109 

. 1891 

.5221 

. 8413 

.4308 

,0168 

. 1653 

. 8347 

34 

27 

. 8138 

. 1862 

.5134 

. 8444 

.4219 

.0169 

. 1659 

. 8341 

33 

28 

. 8166 

. 1834 

.5047 

. 8474 

.4131 

.0169 

. 1664 

. 8336 

32 

29 

. 8195 

. 1805 

.4960 

. 8504 

.4043 

.0170 

. 1669 

. 8331 

31 

SO 

.18223 

-81776 

5. 4874 

.18534 

6.3955 

1.0170 

,01674 

.98325 

30 

31 1 

. 8252 

. 1748 

.4788 

. 8564 

-3868 

-0171 

. 168C 

. 8320 

29 

32 

. 8281 

, 1719 

.4702 

. 8594 

.3780 

.0171 

. 1685 

. 8315 

28 

83 

- 8309 

- 1691 

.4617 

. 8624 

.3694 

.0172 

. 1690 

. 8309 

27 

34 

. 8338 

. 1662 

.4532 

. 8654 

.8607 

.0172 

. 1696 

. 8304 

26 

35 

.18366 

.81633 

5.4447 

.18684 

5.3521 

1.0173 

.01701 

.98299 

25 

36 

, 8395 

. 1C05 

.4362 

. 8714 

.3434 

.0174 

. 1706 

. 8293 

24 

87 

- 8424 

. 1576 

.4278 

. 8745 

.3349 

.0174 

. 1712 

. 8288 

23 

38 

. 8452 

. 1548 

.4194 

, 8775 

.3203 

-0175 

. 1717 

. 8283 

22 

39 

. 8481 

. 1519 

.4110 

. 8805 

.3178 

.0175 

. 1722 

. 8277 

21 

40 

-18509 

-81490 

5.4026 

.18835 

5-3093 ! 

1-0176 

.01728 

.98272 

20 

41 

. 8538 

- 1462 

.3943 

. 8865 

.3008 I 

.0176 

. 1733 

- 8267 

19 

42 

. 8567 

- 1433 

.3860 

. 8895 

.2923 

-0177 

. 1739 

. 8261 

18 

43 

. 8595 

. 1405 

.3777 

. 8925 

.2839 

.0177 

. 1744 

. 8256 

17 

44 

. 8624 

. 1376 

.3695 

. 8955 

.2755 

.0178 

. 1749 

. 8250 

16 

45 

.18652 

.81348 

5.3612 

.18985 

5.2671 

1.0179 

.01755 

,98245 

15 

46 

. 8681 

. 1319 

-3530 

. 9016 

.2588 

.0179 

. 1760 

. 8240 

14 

47 

• 8709 

- 1290 

.3449 

. 9046 

.2505 

.0180 

- 1766 

. 8234 

13 

48 

. 8738 

. 1262 

.3367 

. 9076 

.2422 

-0180 

. 1771 

. 8229 

12 

49 

. 8767 

. 1233 

.3286 

. 9106 

.23,39 

.0181 

. 1777 

. 8223 

11 

50 

.18795 

.81205 

5.3205 

.19136 

5.2257 

1.0181 

.01782 

.98218 

10 

51 

. 8824 

. 1176 

.3124 

. 9166 

.2174 

-0182 

. 1788 

- 8212 

9 

52 

. 8852 

. 1147 

.3044 

. 9197 

.2092 

.0182 

. 1793 

. 8207 

8 

53 

. 8881 

. 1119 

.2963 

. 9227 

.2011 

-0183 

. 1799 

. 8201 

7 

54 

, 8909 

. 1090 

.2883 

. 9257 

.1929 

.0184 

. 1804 

. 8196 

6 

55 

.18938 

.81062 

5.2803 

.19287 

5-1848 

1.0 IS4 

.01810 

.98190 

5 

56 

. 8967 

. 1033 

.2724 

, 9317 

.1767 

.0185 

. 1815 

. 8185 

4 

57 

. 8995 

. 1005 

.2645 

. 9347 

-1686 

.0185 

. 1821 ~ 

. 8179 

3 

58 

. 9024 

. 0976 

.2566 

. 9378 

.1606 

.0186 

. 1826 

. 8174 

2 

59 

. 9052 

. 0948 

-2487 

. 9408 

-1525 

.0186 

. 1832 

. 8168 

1 

60 

. 9081 

. 0919 

,24U8 

. 9438 

.1445 

.0187 

. 1837 

. 8163 

0 

mT 

Cosine. 

Tra. sin- 

Secant- 

Cota.ug. 

Tang. 

Cosecant 

Vrs- cos. 

Sine. 
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Table 3 


11 

o 

Natural Trigonometrical 

Functions. 

t 

68® 

ivr. 


IVr®. 

i 1 TaT'ff. 

1 ' Ootnng. 

1 Pocant. 

Vrs. sill 

Cosin©. 

M. 

"o 

! .:208i 

m' O'! 9 

■> - i 

.19-;:*S 

5.1445 

1.01S7 

.01837 

-981 63 

60 

1 

: . 9109 

. c^.-o 

50 

. 9 :!‘r> 

.1366 

.0188 

. 1843 

. 8157 

59 

2 

' . 9133 

. ( —-. J 

v.> 

- . 9;i S 

.1286 

.0188 

. 1848 

. 8152 

5S 

3 

t- : r'l*. 

. 

.:‘J 


.1207 

.0189 

. 1854 

. 8146 

57 

-1 

. 9!<vi 

. (.Sjo 

.21.07 


.1128 

.0189 

. 1859 

- 8140 

56 

5 

.191:21 

..~C-776 

' 5.2l:i9 

.105-9 

5.1049 

1.0190 

.01865 

.98135 

55 

6 

. 9252 

. 0748 

.1942 

. 9619 

.0970 

.0191 

. 1871 

. 8129 

54 

7 

. 9281 

. 0719 

.1865 

. 9649 

.0892 

.0191 

. 1876 

. 8124 

53 

8 

. 9309 

. 0691 

.1788 

. 9680 

.0814 

.0192 

. 1882 

. 8118 

52 

9 

. 9338 

. 0662 

.1712 

. 9710 

.0736 

.0192 

. 1887 

. 8112 

51 

10 

,19366 

,80634 

5.1636 

.19740 

6.0658 

1.0193 

.01893 

-98107 

50 

11 

. 9395 

. 0605 

.1560 

. 9770 

.0581 

.0193 

. 1899 

. 8101 

49 

12 

. 9423 

. 0576 

.1484 

. 9800 

,0504 

.0194 

. 1904 

. 8095 

48 

13 

. 9452 

. 0548 

.1409 

. 9831 

,0427 

.0195 

. 1910 

. 8090 

47 

14 

. 9480 

. 0519 

.1333 

. 9861 

.0350 

.0195 

. 1916 

. 8084 

46 

15 

.19509 

.80491 

5.1258 

.39891 

5.0273 

1.0196 

.01921 

.98078 

45 

16 

. 9537 

. 0462 

.1183 

. 9921 

.0197 

.0196 

. 1927 

. 8073 

44 

17 

. 9566 

. 0434 

.1100 

. 9952 

.0121 

.0197 

. 1933 

. 8067 

43 

18 

. 9595 

. 0405 

.1034 

. 9982 

.0045 

.0198 

. 1938 

. 8061 

42 

19 

. 9623 

. 0377 

.0960 

.20012 

4.9969 

.0198 

. 1944 

. 8056 

41 


20 .19652 .80348 5.08SG .20042 4.9894 1.0199 .01950 .98050 40 

21 . 9680 . 0320 .0812 . 0073 .9819 .0199 . 1956 - 8044 39 

22 . 9709 . 0291 .0739 . 0103 .9744 .0200 . 1961 . 8039 38 

23 , 9737 . 0263 .0666 . 0133 .9669 .0201 . 1967 . 8033 37 

24 . 9766 . 0234 .0593 . 0163 .9594 .0201 . 1973 •. 8027 36 

25 .19794 .80206 5.0520 .20194 4.9520 1.0202 .01979 .98021 35 

26 . 9823 . 0177 .0447 . 0224 .9446 .0202 . 1984 . 8016 34 

27 . 9851 . 0149 .0376 . C254 .9372 .0203 . 1990 . 8010 33 

28 . 9880 . 0120 .0302 . 02S5 .9298 .0204 . 1996 . 8004 32 

29 . 9908 . 0092 .0230 . 0315 .9225 .0204 . 2002 . 7998 31 

80 .19937 .80063 5.0158 .20345 4.9151 1.0205 .02007 ,97992 30 

31 . 9965 . 0035 .0087 . .9078 .0205 . 2013 . 7987 29 

82 . 9994 . 0006 .0015 . 0406 .9006 .0206 . 2019 . 7981 28 

33 .20022 .79978 4.9944 . 0436 .8933 .0207 . 2025 . 7975 27 

34 . 0051 . 9949 .9873 . 0466 .8860 .0207 . 2031 . 7969 26 

35 .20079 .79921 4.9802 .20497 4.8788 1.0208 .02037 .97963 25 

36 . 0108 . 9892 .9732 . 0527 .8716 .0208 . 2042 . 7957 24 

37 . 0136 . 9863 .9661 . 0557 .8644 .0209 . 2048 . 7952 23 

38 . 0165 . 9835 .9591 0588 .8573 .0210 , 2054 . 7946 22 

39 . 0193 . 9807 .9521 . 0618 .8501 .0210 . 2000 . 7940 21 

40 .20222 .79778 4.9452 .20648 4.8430 1.0211 .02006 .97934 20 

41 . 0250 . 9760 .9382 , 0079 .8359 .0211 . 2072 . 7928 19 

42 , 0279 . 9721 .9313 . 0709 .8288 .0212 . 2078 . 7922 18 

43 . 0307 . 9693 .9243 . 0739 .8217 .0213 . 2084 , 7916 17 

44 . 0336 . 9664 .9175 . 0770 .8147 .0213 . 2089 . 7910 16 

45 .20364 .79636 4.9106 .20800 4.8077 1.0214 .02095 .97904 15 

46 . 0393 . 9607 -9037 . 0830 .8007 .0215 . 2101 . 7899 14 

47 . 0421 , 9579 .8969 . 0861 .7937 .0215 . 2107 . 7893 13 

48 . 0450 . 9550 .8901 , 0891 .7867 .0216 . 2113 . 7887 12 

49 . 0478 . 9522 .8833 „ 0921 .7798 .0210 . 2119 . 7881 11 

50 .20506 .79493 4.8765 .20952 4.7728 1.0217 .02125 .97875 10 

51 . 0535 . 9465 .8697 . 0982 .7659 .0218 . 2131 . 7869 9 

52 . 0563 . 9436 .8630 . 1012 .7591 .0218 . 2137 . 7863 8 

53 . 0592 . 9408 .8563 . 1043 .7522 .0219 . 2143 . 7857 7 

54 . 0620 . 9379 .8496 . 1073 .7453 .0220 . 2149 . 7851 6 

55 .20649 .79351 4.8429 .21104 4.7385 1.0220 .02155 .97845 5 


66 

. 0677 

. 9323 

.8362 

. 1134 

.7317 

.0221 

. 2161 

. 7839 

4 

67 

. 0706 

. 9294 

.8296 

. 1164 

.7249 

.0221 

. 2167 

. 7833 

3 

68 

. 0734 

. 9266 

-8229 

. 1195 

.7181 

.0222 

. 2173 

. 7827 

2 

59 

. 0763 

. 9237 

.8163 

, 1225 

.7114 

.0223 

. 2179 

. 7821 

1 

60 

. 0791 

. 9209 

.8097 

. 1256 

.7046 

.0223 

. 2185 

. 7815 

0 

57 

Cosiiie. 

Vra. sin. 

Secant. 

Cotang. 

Tang. ' 

Oosec’nt 1 

iTrs- cos. 

Sine. 

!M. 

101 

o 







78 ® 



Table 3 NATURAL FUNCTIONS 309 


12® Natural Trigonoroetrical Functions. 167® 


M. 

j Sine. 

Vrs. COS- 

Cosec ’nt 

. Tang. 

j Cotang. 

Secant. 

Vrs. sin. 

Cosine. 

M.' 

0 

-20791 

.79209 

4.8097 

.21256 

4.7046 

1.0223 

.02185 

.97815 

60 

1 

. 0820 

. 9180 

.8032 

. 1286 

1 .6979 

.0224 

. 2191 

. 7809 

59 

2 

. 0S4S 

. 9152 

.7966 

. 1316 

.6912 

.0225 

. 2197 

. 7803 

58 

3 

. 0876 

. 9123 

.7901 

. 1347 

.6845 

.0225 

. 2203 

. 7806 

57 

4 

. 0905 

. 91 C5 

.7835 

. 1377 

.6778 

.0226 

. 2209 

, 7790 

56 

6 

.20933 

.79066 

4.7770 

.21408 

4-6712 

1.0226 

-02215 

.97784 

55 

6 

. 0962 

. 9038 

.7706 

. 1438 

-6646 

.0227 

. 2222 

, 7778 

54 

7 

. 0990 

. 9010 

.7641 

. 1468 

.6580 

.0228 

- 2228 

. 7772 

53 

8 

. 1019 

. 8981 

.7576 

, 1499 

.6514 

.0228 

. 2234 

. 7706 

52 

9 

. 1047 

. 8953 

.7512 

. 1529 

.6448 

.0229 

. 2240 

. 7760 

51 

10 

.21076 

.78924 

4.7448 

.21560 

4.6382 

1,0230 

.02246 

.97754 

50 

11 

. 1104 

. 8896 

.7384 

. 1590 

.6317 

.0230 

. 2252 

. 7748 

49 

12 

. 1132 

. 8867 

.7320 

. 1621 

.6252 

.0231 

. 2258 

. 7741 

48 

13 

. 1161 

. 8839 

.7257 

. 1651 

.6187 

.0232 

. 2264 

. 7735 

47 

14 

. 1189 

. 8811 

.7193 

. 1CS2 

.6122 

.0232 

. 2271 

. 7729 

46 

15 

.21218 

.78782 

4.7130 

.21712 

4.6057 

1.0233 

.02277 

,97723 

45 

10 

. 1246 

. 8764 

,7067 

. 1742 

.5993 

.0234 

. 2283 

. 7717 

44 

17 

. 1275 

, 8725 

,7004 

. 1773 

.5928 

.0234 

- 2289 

. 7711 

43 

18 

. 1303 

, 8697 

.6942 

. 1803 

.5864 

.0235 

. 2295 

. 7704 

42 

19 

. 1331 

. 8668 

.6879 

. 1834 

-5800 

.0235 

. 2302 

. 7698 

41 

20 

.21360 

-78640 

4.6817 

.21864 

4.5736 

1.0236 . 

.02308 

.97692 

40 

21 

. 1388 

. 8612 

.6754 

. 1895 

.6673 

.0237 

. 2314 

. 7686 

39 

22 

. 1417 

. 8583 

.6092 

. 1925 

.5609 , 

.0237 

. 2320 1 


38 

23 

’ . 1445 

. 8555 

-6631 

. 1956 

.5546 : 

.0238 

. 2326 i 

- 7673 

37 

24 

, 1473 

. 8526 

.6569 

. 1986 

.5483 ! 

.0239 

. 2333 

. 7667 

36 

25 

.21502 

.78508 

4.6507 

.22017 

4.5420 ^ 

1.0239 

.02339 i 

.97661 

35 

26 

. 1530 

, 8470 

.6446 

. 2047 

.5357 

0240 

. 2345 

. 7655 

34 

27 

. 1559 

. 8441 

.6385 

. 2078 

.5294 

.0241 

. 2351 

. 7648 

33 

28 

. 1587 

. 8413 

.6324 

. 2108 

.5232 

.0241 

. 2358 

. 7642 

32 

29 

. 1615 j 

. 8384 

.6263 

I . 2139 

.5169 

.0242 

. 2364 

. 7636 

31 

80 

.21644 ! 

.78356 

4.6202 

1 .22169 

4.5107 

1.0243 

.02370 

.97630 

30 

81 

. 1C72 i 

. 8328 

.6142 

i . 2200 

.5046 

.0243 

. 2377 

. 7623 

29 

82 

. 1701 ‘ 

. 8299 

.6081 

. 2230 

.4983 

1 .0244 

. 2383 

. 7617 

28 

S3 

. 1729 

. 8271 

-6021 

. 2261 

.4921 

.0245 

. 2389 

. 7611 

27 

34 

. 1757 

. 8242 

,5961 

. 2291 

.4860 

.0245 

. 2396 

. 7604 

26 

85 

.21786 

.78214 

4-5901 

.22322 

4.4799 

1.0246 

.02402 

.97598 

25 

36 

; . 1814 

. 8186 

.5841 

. 2353 

.4737 

.0247 

. 2408 

. 7592 

24 

37 

. 1843 

. 8154 

.5782 

. 2383 

,4676 

.0247 

. 2415 

. 7585 

23 

38 

. 1871 

- 8129 

,5722 

. 2414 

.4615 

,0248 

. 2421 

, 7579 

22 

39 

. 1899 

. 8100 

.5663 

. 2444 

.4555 

.0249 

. 2427 

. 7573 

21 

40 

.21928 

.78072 

4.5604 

.22475 

4.4494 

1.0249 

.02434 

.97566 

20 

41 

. 1956 

. 8043 

.5545 

. 2505 

.4434 

.0250 

, 2440 

. 7560 

19 

42 

. 1985 

- 8015 

.5486 

. 2536 

.4373 

.0251 

. 2446 

. 7553 

18 

43 

. 2013 

. 7987 

.5428 

. 2566 i 

.4313 

.0251 

. 2453 

. 7547 

17 

44 

. 2041 

. 7959 

.5369 

. 2597 

.4253 

.0252 

. 2459 

. 7541 

16 

45 

.22070 

.77930 

4.5311 

.22628 

4.4194 

1.0253 

.02466 

.97634 

15 

46 

- 2098 

. 7902 

.5253 

. 2658 

-4134 

.0253 

. 2472 

. 7528 

14 

47 

- 2126 

- 7873 

-5195 

. 2689 

,4074 

.0254 

. 2479 

, 7521 

13 

48 

. 2155 

, 7845 

.5137 

. 2719 

.4015 

.0255 

. 2485 

- 7515 

12 

49 

. 2183 

. 7817 

-5079 

. 2750 

-3956 

.0255 

. 2491 

. 7508 

11 

50 

.22211 

,77788 

4.5021 

.22781 

4.3897 

1.0256 

.02498 

-97502 

10 

61 

. 2240 

- 7760 

.4964 

. 2811 

.3838 

.0267 

. 2604 

. 7495 

9 

62 

. 2268 

. 7732 

-4907 

. 2842 

.3779 

-0257 

. 2511 

. 7489 

8 

63 

- 2297 

. 7703 

.4850 

. 2872 

.3721 

.0258 

. 2517 

. 7483 

7 

64 

. 2325 

. 7675 

.4793 

. 2903 

.3662 

.0259 

. 2524 

. 7476 

6 

55 

.22353 

.77647 

4.4736 

.22934 

4.3604 

1.0260 

.02530 

.97470 

5 

66 

. 2382 

. 7618 

.4679 

, 2964 

.3546 

-0260 

. 2537 

. 7463 

4 

57 

. 2410 

, 7590 

.4623 

. 2995 

.3488 

.0261 

. 2543 

. 7457 

8 

58 

. 2438 

. 7561 

.4566 

. 3025 

.3430 

.0262 

- 2550 

. 7450 

2 

59 

. 2467 

. 7533 

.4510 

. 3056 

.3372 

.0262 

. 2556 

. 7443 

1 

60 

. 24S5 

. 7505 

,4454 

, 3087 

.3315 

.0263 

- 2503 

. 7437 

0 

M. 

Cosine, 

Vrs, sin- | 

1 Secant. 

Co tang. 

Tang. 

Cosec ’nt 

Vrs. cos. 

Sine. 

M, 
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14® Natural Trigonometrical Functions. 165® 


M. i 

Sine. 

Vrs. cos. 

Cosec ’nt 

Tang. 1 

‘ Cotan g. 

Secant, 

Trs. sin. 

I Cosine. 

M. 

0 

.24192 

.75808 

4.1336 

.24033 

4.0108 

1.0306 

.02970 

.97029 

60 


. 4220 

. 5779 

-1287 

. 49G4 

.0058 

.0307 

. 2977 

. 7022 

59 


. 4249 

. 5751 

.1239 

. 4995 

.0009 

.0308 

. 2984 

. 7015 

58 

3 

. 4277 

. 5723 

.1191 ! 

. 5025 

3.9959 

.0308 

- 2991 

. 7008 

57 

4 

. 4305 

. 5695 

.1144 i 

. 5056 

.9910 

.0309 

. 2999 

. 7001 

56 

5 

.24333 

.75667 

4.1096 

.25087 

3.9SG1 

1.0310 

.03006 

.96994 

55 

6 

- 4361 

. 5638 

.1048 

. 5118 

.9312 

.0311 

. 3013 

. 6987 

54 

7 

. 4390 

. 5610 

.1001 

. 5149 

.9763 

.0311 

. 3020 

. 6980 

53 

8 

. 4418 

. 55S2 

-0953 

. 5180 

.9714 

.0312 

. 3027 

. 6973 

52 

9 

. 4446 

. 6554 

-0906 

. 5211 

.9665 

.0313 

. 3034 

. 6966 

51 

10 

.24474 

,75526 

4.0859 i 

.25242 

3.9616 

1.0314 

.03041 

.96959 

50 

11 

. 4502 

. 5497 

.0812 

- 6273 

-9568 

.0314 

. 3048 

. 6952 

49 

12 

. 4531 

. 5469 

.0765 

. 5304 

.9520 

.0315 

. 3055 

. 6944 

48 

13 

. 4559 

. 5441 

.0718 

. 5335 

-9471 

.0316 

. 3063 

. 6937 

47 

14 

. 4587 

. 5413 

.0672 

. 5366 

-9423 

.0317 

. 3070 

. 6930 

46 

15 

.24615 

.75385 

4.0625 

.25897 

3-9375 

1.0317 

.03077 

.96923 

45 

16 

, 4643 

. 5356 

.0579 

. 5428 

-9327 

.0318 

. 3084 

. 6916 

44 

37 

. 4672 

. 5328 

.0532 , 

. 5459 

.9279 

.0319 

. 3091 

. 6909 

43 

38 

. 4700 

. 5300 

.0486 1 

. 5490 

.9231 

.0320 

. 3098 

! . 6901 

42 

39 

, 4728 

- 5272 

.0440 ; 

. 5521 

.9184 

.0320 

. 3106 

! . 6894 

41 

20 

.24756 

.75244 

4.0394 

-25552 

3.9136 

1.0321 

.03113 

1 -96887 

! 40 

21 

. 4784 

. 5215 

.0348 

. 5583 

.9089 

.0322 

. 3120 

1 . 6880 

i 39 

22 

. 4813 

. 5187 

.0302 

- 5614 

.9042 1 

.0323 

. 3127 

. 6873 

38 

23 

. 4841 

. 5159 

.0256 

. 5645 

.8994 1 

.0323 

. 3134 

. 6866 

37 

24 

. 4869 

. 5131 

.0211 

. 5676 

-8947 ’ 

.0324 

. 3142 

. 6858 

1 36 

25 

.24897 

.75103 

4.0165 

.25707 

3.8900 

1.0325 

.03149 

-96851 

35 

26 

. 4925 

. 5075 

.0120 1 

. 5738 

.8853 

.0326 

. 3156 

. 6844 

34 

27 ! 

. 4953 

. 5046 

.0074 ! 

- 5769 

.8807 

.0327 

. 3163 

. 6836 

33 

28 

. 4982 

. 5018 

.0029 ! 

. 5800 

.8760 

.0327 

. 3171 

- 6829 

32 

29 

. 5010 ^ 

. 4990 

3.99S4 ! 

. 5831 

.8713 

.0328 

. 3178 

. 6822 

31 

30 1 

.25038 

.74962 

3.9939 i 

.25862 

8.8667 

1.0329 

.03185 

,96815 

30 

31 

. 6066 ; 

. 4934 

.9894 ! 

. 5893 

.8621 

.0330 

. 3192 

: . 6807 

29 

32 

. 6094 1 

. 4906 

.9850 

. 6924 

.8574 ! 

.0330 

, 3200 

. 6800 

*28 

S3 

. 5122 i 

. 4877 

.9805 

. 5955 

.8528 1 

.0331 

. 3207 

. 6793 

27 

34 

. 6151 

. 4849 

.9760 

, 5986 

.8482 ! 

.0332 

. 3214 

. 6785 

26 

35 

.25179 

-74821 

3.9716 

.26017 

S.S-136 

1.0333 

.03222 

.96778 

25 

36 

. 6207 

. 4793 

.9672 

. 6048 

.8390 

.0334 

. 3229 

. 6771 

24 

37 

. 6235 

. 4765 

.9627 

. 6079 

.8345 

.0334 

. 3236 

. 6763 

23 

38 

- 5263 

. 4737 

.9583 

. 6110 

.8299 

.0335 

. 3244 

. 6756 

22 

39 

. 5291 

. 4709 

.9539 

- 6141 

.8254 

.0336 

. 3251 

. 6749 

21 

40 

.25319 

-74CS0 

3.9495 

.26172 

3.8208 

1.0337 

-03258 

.96741 

20 

41 

. 5348 

, 4652 

.9451 

. 6203 

.8163 

-0338 

. 3266 

. 6734 

19 

42 1 

. 5376 

. 4624 

-9408 

. 6234 

.8118 

-0338 

. 3273 

. 6727 

18 

43 

. 5404 

. 4596 

.9364 

. 6266 

.8073 , 

.0339 

. 3281 

i . 6719 

17 

44 

. 5432 

. 4568 

.9320 

. 6297 

.8027 

.0340 

. 3288 

t . 6712 

16 

45 

.25460 

* .74540 

3.9277 

.26328 

3-7983 

1.0341 

.03295 

i ,96704 

15 

46 

. 6488 

- 4512 

.9234 

. €3e59 

.7938 

.0341 

. 3303 

. 6697 

14 

47 

. 5516 

. 4483 

.9190 

. 6390 

.7893 

.0342 

. 3310 

. 6690 

13 

48 

. 5544 

. 4455 

-9147 

. €421 

.7848 

.0343 

. 3318 

. 6682 

12 

49 

. 5573 

. 4427 

.9104 

. 6452 

.7804 

.0344 

, 3325 

- 6675 

11 

50 

-25601 

.74399 

3.9061 

.26483 

3.7759 

1.0345 

.03332 

.96667 

10 

51 

. 5629 

. 4371 

-.9018 

. 6514 

-7715 

.0346 

. 3340 

-6660 

9 

62 

. 5657 

- 4344 

.8976 

. -6546 

.7671 

.0346 

. 8347 

. '6662. 

8 

53 

. 5685 

. 4316 

.8933 

. 6577 

^7627 

.0347 

.-3365 

. 6645 

7 

54 

. 5718 

. 4287 

.8890 

. 6608 

.7583 

.0348 

.-3362 

. 6638 

6 

55 

.25741 

.74259 

3.8S48 ' 

.26639 

3.7539 

1.0349 

.03370 

-96630 

5 

66 

. 5769 

. 4230 

.8805 

. 6670 

.7495 

.0349 

. 3377 

- 6623 

4 

57 

- 5798 

. 4202 

.8763 

. 6701 

.7451 

.0350 

. 3385 

. 6615 

3 

68 

. 5826 

. 4174 

.8721 

. 6732 

.7407 

-0351 

. 3392 

- 6608 

2 

59 

. 5854 

. 4146 

,8679 

. 6764 

.7364 

.0352 

. 3400 

. 6600 

1 

60 

. 5882 

. 4118 

,8637 

. 6795 

.7320 

.0353 

. 3407 

- 6592 

! ^ 

57 

Cosine. 

Vrs. sin. 

Secant. 

Co tang, j 

Tang- 

Cosec 'ntj 

Vrs. C 98 . 

Si ne. _ 

M, 
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15® Natural Trigonometrical Functions. 164® 


K 


' Vva. CO?. ' ' Co?-' o 


11 0 - i 


Cos’ine 

. 'm. 

0 



;; - “:‘7 

.2 ■"•.'5 

3.72 ‘ • 

1 ’.53 

7 

.96592 


1 

. .x'lO 

. 


. l-:6 

.7 i~'.' 

.0>5:> 

. :;:i5 


■"'9 

2 


. v2 

.-■.■"3 

. 

.7-‘. 1 


;l2 

. 65 J > 

.’:‘S 

n 


. l!:;! 


■ . o-.-S 

.7::i 

. 0:55 

. ;; :.2 

. 6,570 

57 

4 

- 

. 

.Sl.O 

. Cj-O 

.7 ■ 7 


. 

■ . 6“6-> 

1 .)'■) 

5 


■ .V397S 


.2 

3.7i-. 1 

l.:357 

.V 3 ; 4 5 

.9,‘555 

■ .>■•) 

iJ 

. ^50 

. :->0.9 


. •' v--> 

- .•■) 

.( 

. ;:i'3 

! . 65 17 

51 

T 

. (t'-TS 

. 392! 


; . 7.' ’.3 

.1 .7 :• 

.6358 

. 

■ 0-) !(> 

1 53 

s 

- 'l.C'T 

■ . 

.Sii 1 

7 . ': : : 

.r;'..7-'i 

■ .(-.550 

. 3!iS 

. 6532 

! 52 

<; 


: . 


■ . 7 j‘.6 

.i'..:-: ;> 

1 .(3vj 

. :i!‘. ■“> 

. 6.->21 

51 


.-yy.M 

.73S37 

3.-222 

O- ■ ; - 

3.'-vL 

l.C::6! 


! .96.517 

■ 50 

n 

. 6101 

. ri.".':' 

= ..^!Sl 

: . 


1 :V.> 

. ;( ■ 1 . 

i . 6500 

-19 

i-j 

. 0^:19 

. 3741. 

' .M4U 

■ - 7!!:9 


.*‘3.’2 

. 3 > 

. 6r>02 

-1- 


. r>2 i7 


' i ..-ICO 

! . 72. L 

.67, 4 

. .< ;iJ3 

. '.> 

. <5:91 

47 

14 

. 6275 

. 372 ■> 

, .>..50 

! - ‘.-l.'Jt 

.672 ^ 

' .*/v:4 

. ;v>i i 

. 6il,^'> 

16 

l-'i 

.26203 

.7:!i;;.*7 


.272i'3 

3. '*67;) 

; I., i65 


.96J79 

! -15 


. Go3 1 

. 3i ■■■'.> 

: .7.CS 

. 72:' 1 


■ .C-V'> 

. 

. 6.:71 

-1-! 

17 

. 6259 

. 3-:iL 

.7i*2.7 

. 73H) 


.1' if >7 


. 6;f5:> 

I ~!<> 

IS 

. 0257 

. 3 

.7.-97 

. 7357 



. 3 : 1 ; 

. 6:56 

! 12 

10 

. 6 '.15 

. 35-5 

.7,-57 

. 73-S 


.(■3(*.-i 

. 3." "2 

. 61-18 

1 -n 

2i' 



3.7--: 6 

.271-0 

liSlTO 


.or-ij 

.‘.'■iMlO 

JO 

21 

. 6 171 

35 

.. i .o 

. ‘1 151 

i_o 

.•■..lO 

. :v;'.‘7 

. 6 133 

39 

22 

. c:i*9 

. 35:):) 

.r. 36 

7 . 1 '2 


.'.n 

. 3.-75 

. 6!25 

38 

2,‘i 


. 3172 

.7i'>97 

. 7" 13 

» :•» 

.C'.tn 

. . 35-3 

. (',:I7 

37 

24 

. 6-‘")3 


7*>:'*7 

. 75 -4 


'.72 

. J'-'V. O 

. . 61 00 

i-i-: 

2i> 

.26':8-I 

.7311, > 

■ 3.V'‘:T 

.27576 

3.-*2:3 

; 1.' )T3 


.'.;i)i02 

35 

2f; 

. u','V2 

. 3348 

.'■>77 

- 7,U T 

y.-2\\2 

>71 

. 3' 

. 6.:i04 

:ti 

27 

- C»:10 

. 336 :j 


. 7-.«!S 


(' ;75 

. iJ-'.-L 

. 6: >86 

33 

28 

. 6668 

. 8332 

.7498 

. 7670 

1 -6140 

.0376 

. 3621 

. 6378 

32 

29 

- 6696 

. 3304 

.7459 

. 7701 

-6100 

.0376 

. 3629 

. 6371 

31 

30 

.26724 

.73276 

3.7420 

.27732 

3.6059 

1.0377 

.03037 

.96363 

30 

31 

. 6752 

. 3248 

.7380 

. 7764 

.6018 

.0378 

. 3645 

6355 

29 

32^ 

. . 6780 

. 3220 

.7341 

. 7795 

.5977 

.0379 

. 3652 

. 6347 

28 

33 

. 6808 

. 3192 

.7302 

. 7826 

.6937 

.0380 

. 3660 

. 6340 

27 

34 

. 6836 

. 3164 

.7263 

. 7858 

.5896 

.0381 

. 8668 

. 6332 

26 

35 

-26864 

.73136 

3.7224 

.27889 

3.5856 

1.03S2 

.03676 

.96324 

25 

36 

. 6892 

. 3108 

.7186 

. 7920 

.6816 

.0382 

. 3684 

. 6316 

24 

37 

. 6920 

. 3080 

.7147 

. 7952 

.5776 

-0383 

. 3691 

. 6308 

23 

88 

. 6948 

. 3052 

.7108 

. 7983 

.5736 

.0384 

. 3699 

, 6301 

22 

39 

, 6976 

. 3024 

.7070 

. 8014 

.5696 

-0385 

. 3707 

. 6293 

21 

40 

.27004 

.72996 

3.7031 

.28046 

3.5656 

1.03S6 

.03715 

-90285 

20 

41 

. 7032 

. 2968 

.6993 

. 8077 

.5616 

-0387 

. 3723 

. 6277 

19 

42 

. 7060 

. 2940 

.6955 

. 8109 

.5676 

.0387 

. 3731 

. 6269 

18 

43 

. 7088 

. 2912 

.6917 

. 8140 

.5536 

.0388 

3739 

6261 

17 

44 

. 7116 

. 2884 

.6878 

. 8171 

,5497 

.0389 

. 3746 

. 6253 

16 

45 

.27144 

.72856 

3. 6840 

■ .28203 

3.5457 

1.0390 

.03754 

.96245 

15 

46 

- 7172 

, 2828 

.6802 

. 8234 

.5418 

.0391 

3762 

. 6238 

14 

47 

. 7200 

. 2800 

.6765 

. 8266 

.5378 

-0392 

. 3770 

. 6230 

13 

48 

. 7228 

. 2772 

.6727 

. 8297 

.5339 

.0393 

3778 

. 6222 

12 

49 

. 7256 

. 2744 

.6689 

. 8328 

.5300 

.0393 

. 3786 

. 6214 

11 

50 

.27284 

.72716 

3.6651 

.28360 

3.5201 

1.0394 

.03794 

.96206 

10 

51 

. 7312 

. 2688 

.6614 

. 8391 

,5222 

.0395 

. 3802 

6198 

9 

52 

- 7340 

. 2660 

.6576 

. 8423 

-5183 

.0396 

. 3810 

. 6190 

8 

53 

. 7368 

. 2632 

.6539 

. 8454 

.5144 

.0397 

. 3818 

. 6182 

7 

54 

. 7396 

. 2604 

.6502 

, 8486 

.5105 

.0398 

. 3826 

. 6174 

6 

55 

.27424 

-72576 

3.6464 

.28517 

3.5066 

1.0399 

.03834 

.96166 

5 

56 

, 7452 

2518 

.6427 

. 8549 

-5028 

.0399 

. 3842 

. 6158 

4 

57 

. 7480 

. 2520 

.6390 

. 8580 

.4989 

,0400 

. 3850 

. 6150 

3 

58 

. 7508 

. 2492 

.6353 

. 8611 

.4951 

.0401 

. 3858 

. 6142 

0 

59 

- 7536 

. 2464 

-6316 

. 8643 

.4912 

.0402 

. 3866 

. 6134 

i 

60 

. 7564 

. 2436 

.6279 

. 8674 

.4874 

.0403 

3874 

6126 

0 

M. 

Ooeine. 

Vrs. Bin. 

Secant, j 

Cotang. 

Tang. 

Gosec'’nt 

Vrs. cos. 

Sine. 

M. 
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16° Natural Trigonometrical Functions. 163*^ 


M. 

Sine. 

Yrs. COS- 

Gosec’nt 

Tang. 

Cotang. 

Secant. 

Trs. sin. 

Cosine. 

M. 

0 

1 .27564 

.72436 

3.6279 

.28674 

3.4S74 

1-0403 

.03874 

.96126 

60 

1 

' . 7592 

. 2408 

.6243 ! 

. 8706 

.4836 

.0404 

. SSS2 

. 6118 

59 

2 

. 7620 

. 2380 

.6206 

8737 

.4798 

.0405 

. 3890 ! 

. 6110 

58 

3 

. 7648 

. 2352 

.6169 

- 8769 

.4760 

.0406 

* 3S9S 

. 6102 

57 

4 

- 7675 

. 2324 

.6133 

. 8800 

.4722 

.0406 

. 3906 

. 6094 

56 

5 

.27703 

.72296 

3,6096 

.28832 

3.46S4 

1.0407 

.03914 

.96086 

55 

6 

. 7731 

. 2268 

,6060 

. 8863 

.4646 

.0108 

. 3922 

. 6078 

54 

7 

. 7759 

. 2240 

.6024 

. 8895 

.4608 

.0409 

- 3930 

. 6070 

53 

8 

. 7787 ' 

. 2213 

.5987 

. 8926 

.4570 

.0110 

. 3938 

. 6062 

52 

9 

. 7815 ^ 

. 2185 

.5951 

. 8958 

.4533 

.0411 

. 3946 

. 6054 

51 

10 

.27843 

.72157 

3.5915 

.28990 

3.4495 

1.0412 

.03954 

.96045 

50 

11 i 

. 7871 

. 2129 

,5879 

. 9021 

.4458 , 

.0413 

. 3962 , 

, 6037 

49 

12 

. 7899 

. 2101 

.5843 

. 9053 

.4420 ! 

.0413 

. 3971 1 

, 6029 

48 

13 

. 7927 

. 2073 

.5807 

. 9084 

.4383 

.0414 

. 3979 1 

, 6021 

47 

14 ! 

. 7955 

. 2045 

.5772 

. 9116 

.4346 

.0415 

. 3987 

. 6013 

46 

15 

.27983 

.72017 

3.5736 

.29147 

3.4308 

1.0416 

.03995 

-96005 

45 

16 

- 8011 

. 1989 

.5700 

. 9179 

.4271 

.0417 

. 4003 

. 5997 

44 

17 

. 8039 

. 1961 

.5665 

. 9210 

.4234 

.0418 

. 4011 

. 5989 

43 

18 

. 8067 

. 1933 

.5629 

- 9242 

,4197 

.0419 

. 4019 

. 5980 

42 

19 

. 8094 

. 1905 

.5594 

. 9274 

.4160 

.0120 

, 4028 

. 5972 

41 

20 

.28122 

.71877 

3,5359 

,29305 

3-4124 

1.0420 

.04036 

.95964 

40 

21 

. 8150 

. 1849 

.5523 

, 9337 

.4087 

.0421 

. 4044 

. 5956 

39 

22 

. 8178 

. 1822 

.5488 

. 9368 

.4050 

.0422 

. 4052 1 

* 5948 

38 

23 

. 8206 

. 1794 

.6453 

. 9400 

.4014 

.0423 

- 4060 

. 5940 

37 

24 

. 8234 

. 1766 

.5418 

. 9432 

.3977 

.0124 

. 4069 

. 5931 

36 

25 

.28262 

.71738 

3.53S3 

.29463 

3.3911 

1.0425 

.04077 

.95923 

35 

26 

. 8290 

. 1710 

.5348 

. 9495 

.3904 

.0426 

. 4085 

, 5915 

34 

27 

. 8318 

. 1682 

.5313 

. 9526 

.3868 

.0427 

. 4093 

. 5907 

33 

28 

. 8346 

. 1654 

.5279 

. 9558 

.3832 

.0428 

. 4101 

. 5898 

32 

29 

. 8374 

. 1626 

.5214 

. 9590 

.3795 

.0428 

. 4110 

. 6890 

31 

SO 

.28401 

.71608 

3.5209 

.29621 

3.3759 

1.0429 

.04118 

.95882 

30 

81 

. 8429 

. 1570 

.5175 

• 9653 

.3723 

.0430 

. 41-.:6 

. 6874 

29 

32 

8457 

. 1543 

.5140 

. 9685 

.3687 

.0431 

- 4134 

. 5865 

28 

33 

. 8185 

, 1515 

.5106 

. 9716 

.3651 

.0432 

. 4143 

. 6857 

27 

34 

. 8513 

. 1487 

.5072 

. 9748 

.3616 

.0433 

. 4151 

. 5849 

26 

35 

.28541 

.71459 

3.5037 

.29780 

3.3580 

1.0434 

.04159 

.95840 

25 

36 

. 8569 

. 1431 

.5003 

. 9811 

.3544 

.0435 

. 4168 

. 5832 

24 

37 

. 8597 

. 1403 

.4969 

. 9S43 - 

3509 

.0436 

. 4176 

. 5824 

23 

38 

- 8624 

. 1375 

.4935 

. 9875 

.3473 

.0437 

. 4184 

. 5816 

22 

39 

, 8652 

. 1347 

.4901 

. 9906 

.3438 

.0438 

. 4193 

. 5807 

21 

40 

.28680 

.71320 

3.4867 

.29938 

3-3402 

1.0438 

-01201 

.95799 

20 

41 

. 8708 

. 1292 

.4833 

. 9970 

.3367 

.0439 

. 4209 

- 5791 

19 

42 

. 8736 

. 1264 

.4799 

.30001 

.3332 

.0440 

. 4218 

. 5782 

IS 

43 

. 8764 

. 1236 

.4766 

. 0033 

.3296 

.0441 

. 4226 

. 5774 

17 

44 

. 8792 

. 1208 

.4732 

- 0065 

.3261 

.0442 

. 4234 

. 5765 

16 

45 

28820 

.71180 

3.4698 

.30096 

3.3226 

1.0443 

.04243 

.95767 

15 

46 

- 8847 

. 1152 

4665 

. 0128 

.3191 

.0144 

. 4251 

. 6749 

14 

47 

. 8875 

. 1125 

.4632 

0100 

.3156 

-0445 

. 4260 

. 5740 

13 

48 

. 8903 

- 1097 

.4598 

. 0192 

.3121 

.0446 

. 4268 

, 5732 

12 

49 

. 8931 

. 1069 

.4565 

. 0223 

.3087 

-0447 

. 4276 

, 5723 

11 

50 

.28959 

.71041 

3.4532 

-80255 

3.3052 

1.0448 

.04285 

.95715 

10 

51 

. 8987 

. 1013 

.4498 

. 0287 

.3017 

.0448 

. 4293 

. 5707 

9 

52 

. 9014 

, 0985 

.4465 

' . 0319 

.2983 

.0449 

. 4302 

. 5698 

8 

53 

. 9042 

. 0958 

.4432 

. 0350 

.2948 

,0450 

. 4310 

. 5690 

7 

54 

. 9070 

. 0930 

.4399 

. 0382 

.2914 

.0451 

. 4319 

. 5681 

6 

55 

.29098 

.70902 

3.4366 

.30414 

3.2879 

1.0452 

-04327 

.95673 

' 5 

56 

. 9126 

. 0874 

.4334 

. 0446 

.2845 

.0453 

. 4335 

. 5664 

4 

57 

, 9154 

. 0846 

-4301 

- 0178 

.2811 

.0454 

- 4344 

. 5656 

L 3 

58 

. 9181 

. 0818 

.4268 

. 0509 

2777 

.0455 

. 4352 

. 5647 

! 2 

59 

. 9209 

, 0791 

.4236 

. 0541 

.2742 

,0456 

. 4361 

. 5639 

1 

60 

. 9237 

. 0763 

.42w3 

. 0573 

.2708 

-0457 

. 4369 

. 5630 

! 0 

3rl. 

Cosine. 

Vrs. sin. 

Secant. 

Cotang. 

Tang- 

Oosec’nt 

Vrs. cos. 

Sine. 

M. 


106 ° 


73 ° 
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Table 3 


17® Natural Trigonometrical Functions. 162® 


M. 

1 Sine. 

iTrs. cos. 

ijCosec’nti Tang. 

11 Cotang. 1 Secant. )|VrB. sin.) Cosine. 

1m. 

0 


.707(53 

3.-1-203 

.3.j573 

3.f'7:-8 


.Ci-Mi) 

.9-"630 

GO 

1 

. 92',‘.5 

. r>7M-j 

.1170 


.2- ‘.7 1 

1 ‘S 

. .378 

.')‘»22 

.■>■:) 

2 

. 9293 

. (.-i-7 


. 0037 


i 'O 

. ■: )- » 

. rv;i:j 


3 

. 9321 

. (‘■■^70 

.4100 

. (:iM8 


. ' 

. > 

. .v.v. 'o 

o. 

4 

. CvvJ.-s 

. C'loi 

. 7-3 


..:-“73 

-L 

. ■! l..'i 


;5'J 

5 


.70-5:>l 

3.:. 11 

.:i ■732 

3.2.>;:o 

1. ,■!■■.! 

1 ! 2 


.)■> 

6 

r. 

. 0-)''i,5 

.4. 09 

. 67- M 

.2“ .-5 

i--2 

. ■■ - a 


5-1 

7 


. 

r 

. 0700 

.2172 

■■■:> 


. TmTI. 

.53 

8 

. 'jlnO 

. O.JiO 

.3v l"> 

. «f.-28 

-1- 

.■J • ‘-I 

. -.^.S 

. .) . n‘i 2 

.52 

9 


. o;>:2 


. • ■>. ">0 

.2- . ‘5 


. -1 1 ■•> 

. -'.joi 

.51 

10 



3..3>81 

.3 -Jl 

3.2 :7i 


.0-= --M 

.'J-j ) 1') 

. 5J 

11 

. 95!.i 

. 0157 

10 

. i;vi3 

.23- !S 

.V i ‘7 



1 40 

12 

. W-yTl 

. 0-.‘J9 

.SSI 7 


.2:::, 5 


;7;> 

, .>->2S 

1 48 

13 

■ . 9)9S 

■ . (-I' -i 

> 

. •;< ''7 

.2271 


. 3 >1 


1 

14 

- tvi-^ 1 

. 0:571 


. 1''19 


« -7 • 

-M-O 

. 5 >11 

-M 

15 

.2 •:■>"> i 

- . O' > 1 0 

3.3722 

.3: .51 

3.22-..5 

1 = . : 

: ‘.'S 

.i'-j-yj- 

■1-5 

16 

• . l:i>S2 

. 8 

.3000 


.2172 

.'"■-1 72 

. ■l-">,.i7 

. 5iV‘3 

-14 

17 

. 971!) 

. 02v'0 

.30 >'.) 

. i;.!5 

.2 ■■•9 

.,i7.{ 

. -1 i '. "> 

. 7> : 

-13 

18 

. 0737 

. 0262 

.3t;27 

. : ^ 16 

.2! 'f 

17 L 

. 'I Vi l 

. 7) i . ',> 

42 

19 

■ . o.iii 

. 0235 

.3500 

. " ]7 *i 

,2'..'7»> 

. J :6 

. ■:">.;2 

. 5.JG>7 

. n 

20 

.20793 

.70207 

;>.3.v.*-> 


3.2, 11 

1. 

.0 

.or, 15:> 

■ lO 

21 


. c:7i» 

,353 [ 

. *.12 

'.4 

*'■ 177 

. 

■ . 5:50 

r/j 

22 

■ . 0S-iS 

. Ol'ii 

.35. 3 

_ ■ • ‘V 1 

.1 075 

.. 1 1"'' 

. -8 

. . ! 1. 

3S 

23 

j . 0S7''. 

. OL -21 

.34/1 

. l:V>-J 

1 

; . s 


■ . 

.'57 

24 

. OOOl 


.3 1 H.' 

I 

.iv:4 

.. 17;, ‘ 

. •r*7'.) 

. ! 21 

36 

25 


.7C'VJS 

G.;Vi •\> 

.3-370 

3. >77 


.0 

. .25! 1.5 

35 

26 

! . o-:'59 

. U.!i0 

.3.37,8 

. '1 .'*‘2 

.>15 

- L 

. ■: K’S 

• O 1 i./ 

34 

27 

. 0087 

. Cm! 3 

.3-.’. 17 

1 

.1 3 

' i’'2 


■ . 530:? 

33 

28 

-30015 

.69982 

.3316 

. 1466 

.1780 

-0483 

. 4611 

. 6389 

32 

29 

. 0043 

. 9957 

.3286 

. 1498 

.1748 

.0484 

, 4619 

. 5380 

31 

SO 

.30070 

.69929 

3.3255 

.31530 

3.1716 

1.0485 

.04628 

.95372 

30 

81 

. 0098 

. 9902 

.3224 

. 1562 

.1684 

.0486 

. 4637 

. 6363 

29 

32 

. 0126 

, 9874 

.3194 

. 1594 

.1652 

.0487 

. 4616 

. 6354 

28 

S3 

. 0154 

. 9846 

.8163 

. 1626 

.1620 

.0488 

. 4654 

• 6345 

27 

34 

. 0181 

. 9818 

.3133 

. 1658 

.1588 

.0489 

. 4663 

. 6337 

26 

35 

.30209 

,69791 

3.3102 

.31690 

3.1556 

1.0490 

.04072 

.95328 

25 

36 

. 0237 

. ,9763 

.3072 

. 1722 

.1524 

.0491 

. 4681 

. 6319 

24 

37 

. 0265 

. 9735 

.3042 

. 1754 

.1492 

.0492 

, 4690 

. 5310 

23 

38 

. 0292 

. 9707 

.soil 

. 1786 

,1460 

.0493 

. 4698 

. 6301 

22 

39 

. 0320 

. 9680 

.2981 

. 1818 

.1429 

.0494 

. 4707 

. 6293 

21 

40 

.30348 

.69652 

3.2951 

.31850 

8.1397 

1.0495 

.04716 

.95284 

20 

41 

. 0375 

. 9624 

.2921 

. 1882 

-1366 

-0496 

. 4725 

. 5275 

19 

42 

. 0403 

. 9597 

-2891 

. 1914 

.1334 

-0497 

. 4734 

. 6266 

18 

43 

- 0431 

. 9569 

.2861 

. 1946 

,1303 

.0498 

. 4743 

. 5257 

17 

44 

. 0459 

. 9541 

.2831 ! 

. 1978 

.1271 

.0499 

. 4751 

. 5248 

16 

45 

.30486 

.69513 

3.2801 

.32010 

3.1240 

1.0500 

.04760 

.95239 

15 

46 

. 0514 

. 9486 

.2772 

. 2042 

.1209 

.0501 

. 4709 

. 5231 

14 

47 

. 0542 

. 9458 

.2742 

* 2074 

,1177 

.0502 

. 4778 

, 6222 

13 ■ 

48 

, 0569 

. 9430 

.2712 

. 2106 

.1146 

.0503 

. 4787 ' 

. 6213 

1 12 

49 

. 0597 

, 9403 

.2683 

. 2138 

.1115 

.0504 

. 4796 

. 6204 

11 

50 

-30625 

.69375 

3.2653 

.32171 

3.1084 

1.0505 

.04805 

.95195. 

10 

51 

. 0653 

, 9347 

.^624 

. 2203 

-1053 

.0506, 

. 4814 

. 5186 

9 

62 

, 0680 

. 9320 

.2594 

. 2235 

.1022 • 

.0507 

. 4823 

. 5177 

8 

53 

. 0708 

. 9292 

.2565 

1 . 2267 

.0991 

.0508 

. 4832 

. 6168 

7 

54 

- 0736 

. 9264 

.2535 

. 2299 

.0960 

.0509 

. 4840 

. 6159 

6 

65 

.30763 

.69237 

3.2506 

.32331 

3.0930 

1.0510 

.04849 

.95150 

5 

56 

. 0791 

. 9209 

.2477 

, 2363 

.0899 

.0511 

. 4858 

. 5141 

4 

57 

. 0819 

. 9181 

.2448 

. 2395 

.0868 

.0512 

- 48G7 

. 5132 

3 

58 

. 0846 

. 9154 

,2419 

. 2428 

.0838 

.0513 

. 4876 

. 5124 

2 

59 

, 0874 

. 9126 

.2390 

. 2460 

.0807 

.0514 

. 4885 

. 5115 

1 

60 

- 0902 

. 9098 

.2361 

. 2492 

.0777 

.0515 

. 4894 

. 5106 

0 

M. 

Cosine. 

Trs. sin. j 

Secant. 

Co tang. 

Tang. 

Cosec ’nt 

Vrs. COB. 

Sine. 

mT 
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18® N^itural Trigronometrical Functions. 161° 


M. 

Sine- 

Trs. cos. 

Cosecant 

Tanpr. 

( Cotang. 1 Secant. 

jVra. sin. 

Cosine- 

M, 

0 

.30902 

.69098 

8.2361 

,32492 

3.0777 

1.0515 

.04894 

.96106 

60 

1 

. 0929 

. 9071 

.2332 

. 2524 

-0746 

.0516 

. 4903 

. 5097 

59 

2 

. 0957 

. 9043 

.2303 

. 2556 

.0716 

.0517 

. 4912 

. 5088 

58 

3 

. 0985 

. 9015 

.2274 

. 25S8 

.0686 

.0518 

. 4921 

. 5079 

57 

4. 

. 1012 

- 8988 

.2245 

. 2621 

.0655 

.0519 

, 4930 

. 5070 

56 

5 

.31040 

.68960 

3-2216 

.32653 

3.0625 

1.0520 

.04939 

.95061 

55 

6 

. 1068 

. 8932 

.2188 

. 2685 

.0595 

.0521 

. 4948 

. 5051 

54 

7 

. 1095 

. 8905 

.2159 

. 2717 

.0565 

.0522 

. 4957 

. 5042 

53 

8 

. 1123 

- 8877 

.2131 

. 2749 

.0535 

.0523 

. 4966 

. 5033 

52 

9 

. 1150 

. 8849 

.2102 

. 2782 

.0505 

.0524 

. 4975 

. 5024 

51 

10 

.31178 

.68822 

3.2074 

-32814 

3-0475 

1.0525 

.04985 

.95015 

50 

11 

. 1206 

. 8794 

.2045 

. 2846 

.0445 

.0526 

. 4994 

. 5006 

49 

12 

. 1233 

. 8766 

.2017 

. 2878 

.0415 

.0527 

- 5003 

. 4997 

48 

13 

. 1261 

. 8739 

.1989 

. 2910 

.0385 

.0528 

. 5012 

. 4988 

47 

14 

. 1289 

. 8711 

.1960 

. 2948 

.0356 

.0529 

. 5021 

. 4979 

46 

15 

.31316 

.68684 

3.1932 

.32975 

3.0326 

1.0530 

.05030 

.94970 

45 

16 

. 1344 

. 8656 

.1904 

. 3007 

.0296 

.0531 

. 6039 

. 4961 

44 

17 

. 1372 

. 8628 

.1876 

. 3039 

.0267 

.0532 

. 5048 

. 4952 

43 

18 

. 1399 

. 8601 

.1848 

, 3072 

.0237 

.0533 

. 5057 

. 4942 

42 

19 

. 1427 

. 8573 

.1820 

. 3104 

.0208 

.0534 

. 5066 

. 4933 

41 

20 

.31454 

.68545 

3.1792 

.33136 

3.0178 

1.0535 

.05076 

.94924 

40 

21 

. 1482 

. 8518 

.1764 

. 3169 

.0149 

.0536 

. 5085 

. 4915 

39 

22 

. 1510 

. 8490 

.1736 

. 3201 

.0120 

.0537 

. 5094 

. 4906 

38 

23 

. 1537 

. 8463 

.1708 

. 3233 

.0090 

.0538 

. 5103 

. 4897 

87 

24 

. 1565 

. 8435 

.1681 

. 3265 

.0061 

,0539 

. 5112 

. 4888 

86 

25 

.31592 

.68407 

3.1653 

.38298 

8.0032 

1.0540 

.05121 

-94878 

85 

26 

. 1620 

. 8380 

.1625 

. 3330 

.0003 

,0541 

. 5131 

. 4869 

84 

27 

. 1648 

. 8352 

.1598 

. 3362 

2.9974 

.0542 

. 5140 

. 4860 

33 

28 

. 1675 

. 8325 

.1570 

. 3395 

-9945 

.0543 

. 5149 

. 4851 

32 

29 

. 1703 

. 8297 

.1543 

. 3427 

.9916 

.0544 

. 5158 

. 4841 

31 

80 

.31730 

.68269 

8.1515 

•S3459 

2.9887 

1.0545 

.05168 

.94882 

80 

SI 

- 1758 

. 8242 

.1488 

. 3492 

.9858 

.0546 

. 5177 

• 4823 

29 

82 

. 1786 

. 8214 

.1461 

. 3524 

.9829 

.0547 

. 5186 

! . 4814 

28 

83 

. 1813 

. 8187 

.1433 

. 3557 

.9800 

.0548 

. 5195 

. 4805 

27 

34 

, 1841 

. 8159 

.1406 

. 3589 

.9772 

.0549 

. 5205 

- 4795 

26 

35 

.31868 

.68132 

3-1879 

.33621 

2.9743 

1.0550 

.05214 

.94786 

25 

86 

. 1896 

. 8104 

.1352 

. 3654 

.9714 

-0551 

. 5223 

. 4777 

24 

87 

- 1923 

. 8076 

.1325 

. 3686 

.9686 

-0552 

. 5232 

! . 4767 

23 

38 

. 1951 

. 8049 

.1298 

. 3718 

-9657 

.0553 

. 5242 

. 4758 

22 

39 

. 1978 

. 8021 

.1271 

. 3751 

.9629 

-0554 

. 5251 

. 4749 

21 

40 

.32006 

-67994 

3.1244 

.33783 

2.9600 

1.0555 

.05260 

.94740 

20 

41 

. 2034 

. 7966 

.1217 

. 3816 

.9572 

.0556 

. 5270 

. 4730 

19 

42 

. 2061 

. 7939 

.1190 

. 3848 

.9544 

.0557 

, 5279 

. 4721 

18 

43 

. 2089 

. 7911 

.1163 

. 3880 

.9515 

-0558 

, 6288 

. 4712 

17 

44 

. 2U6 

. 7884 

.1137 

. 3913 

.9487 

.0559 

. 5297 

. 4702 

16 

45 

.32144 

.67856 

3-1110 

.33945 

2.9459 

1.0560 

.05307 

.94693 

15 

46 

. 2171 

. 7828 

.1083 

. 3978 

.9431 

.0561 

. 5316 

. 4684 

14 

47 

. 2199 

. 7801 

.1057 

. 4010 

.9403 

.0562 

. 5326 

. 4674 

13 

48 

. 2226 

. 7773 

.1030 

. 4043 

.9375 

.0563 

. 6335 

. 4665 

12 

49 

- 2254 

. 7746 

-1004 

. 4075 

.9347 

.0565 

. 5344 

, 4655 

11 

50 

1 -32282 

.67718 

3.0977 

.34108 

2-9319 

1.0566 

-06354 

.94646 

10 

61 

1 . 2309 

. 7691 

.0951 

. 4140 

.9291 

.0567 

. 6363 

. 4637 

9 

52 

. 2337 

, 7663 

.0925 

. 4173 

■ -9263 

.0568 

. 5373 

. 4627 

8 

68 

. 2364 

. 7636 

.0898 

. 4205 

.9235 

.0569 

. 6382 

. 4618 

7 

54 

. 2392 

. 7608 

.0872 

. 4238 

.9208 

-0570 

. 5391 

. 4608 

6 

65 

.32419 

.67581 

3.0846 

.34270 

2.9180 

1-0571 

.05401 

.94599 

5 

56 

. 2447 

. 7553 

.0820 

. 4303 

.9152 

-0572 

. 6410 

. 4590 

4 

57 

. 2474 

. 7526 

.0793 

. 4335 

.9125 

.0573 

, 6420 ' 

. 4580 

3 

58 

. 2502 

. 7498 

-0767 

. 4368 

.9097 

-0574 

. 6429 

- 4571 

2 

59’ 

. 2529 

. 7471 

.0741 

. 4400 

.9069 

.0575 

. 5439 

: . 4561 

1 

60 

. 2557 

. 7443 

.0715 

. 4433 

.9042 

.0576 

, 5448 

. 4552 

0 

57 

CJosine. 

Yrs. ein. 

Secant. 

Cotang- 

Tang. 

Cosec ’nt 

jVrs. cos. 

Sine. 

mT 
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190 Natural Trigonometrical Functions. 1 < 5 ®® 



Sine. 

Vrs, cos. 

Coeec’nt 

; Tang. 

Cotang. 

Secant. 

Vrs. sin. 

Cosine. 

M. 

0 

.32557 

.67443 

3.0715 

.34433 

2.9042 

1.0576 

.05448 

.94552 

60 

1 

. 2584 

. 7416 

.0690 

. 4465 

-9015 

.0577 

. 5458 

. 4542 

59 

2 

. 2612 

. 7388 

.0664 

. 4498 

.8987 

.0578 

. 5467 

. 4533 

58 

3 

. 2639 

. 7361 

.0638 

. 4530 

.8960 

.0579 

. 5476 

. 4523 

57 

4 

. 2667 

. 7333 

.0612 

. 4563 

.8933 

.0580 

. 5486 

. 4514 

56 

5 

.32694 

,67306 

3.0586 

.34595 

2.8905 

1.0581 

.05495 

.94504 

56 

6 

. 2722 

. 7278 

.0561 

. 4628 

.8878 

.0582 

. 5505 

. 4495 

54 

7 

. 2749 

. 7251 

.0535 

. 4661 

.8851 

.0584 

. 5515 

. 4485 

63 

8 

. 2777 

. 7223 

.0509 

. 4693 

.8824 

.0585 

. 5524 

. 4476 

52 

9 

, 2804 

. 7196 

.0484 

, 4726 

-8797 

.0586 

. 5534 

. 4466 

51 

10 

.32832 

.67168 

3.0458 

.34758 

2.8770 

1.0587 

,05543 

.94457 

50 

11 

. 2859 

. 7141 

.0433 

. 4791 

.8743 

.0588 

. 5553 

. 4447 

49 

12 

. 2887 

. 7113 

.0407 

. 4824 

.8716 

.0589 

. 5562 

. 4438 

48 

13 

. 2914 

. 7086 

.0382 

. 4856 

.8689 

.0590 

. 5572 

. 4428 

47 

14 

- 2942 

. 7058 

.0357 

- 4889 

-8662 

.0591 

. 5581 

. 4418 

46 

15 

.32969 

.67031 

3.0331 

.34921 

2.8636 

1.0592 

.05591 

.94409 

45 

16 

. 2996 

. 7003 

.0306 

. 4954 

.8609 

.0593 

. 6601 

. 4399 

44 

17 

. 3024 

. 6976 

-0281 

. 4987 

.8582 

.0594 

, 5610 

. 4390 

43 

18 

. 3051 

. 6948 

.0256 

. 6019 

.8555 

.0595 

. 5020 

, 4380 

42 

19 

. 3079 

. 6921 

.0231 

. 5052 

,8529 

.0596 

. 5629 

. 4370 

41 

20 

.33106 

.66894 

3.0206 

.35085 

2.8502 

1.0598 

.05639 

-94361 

40 

21 

, 3134 

. 6866 

.0181 

. 5117 

.8476 

.0599 

. 6649 

. 4351 

39 

22 

. 3161 1 

. 6839 

.0156 

, 5150 

.8449 

.0600 

. 6658 

. 4341 

38 

28 

- 3189 

. 6811 

.0131 

. 5183 

.8423 

.0601 

. 5068 

. 4332 

37 

24 

. 3216 

. 6784 

.0106 

. 5215 

.8396 

.0602 

. 5678 

. 4322 

36 

25 

.33243 

.66756 

3.0081 

.35248 

2.8370 

1.0603 

.05687 

.94313 

35 

26 

. 3271 

. 6729 

.0056 

. 5281 

.8344 

.0604 

. 6697 

. 4303 

34 

27 

. 3298 

. 6701 

-0031 

. 5314 

.8318 

.0605 

. 5707 

. 4293 

33 

28 

. 3326 

, 6674 

.0007 

. 5346 

.8291 

.0606 

. 6716 

. 4283 

32 

29 

. 3353 

. 6647 

2.9982 

. 5379 

.8265 

.0607 

. 6726 

. 4274 

31 

SO 

,33381 

.66619 

2.9957 

.35412 

2.8239 

1.0608 

.05736 

.94264 

30 

31 

. 3408 

. 6592 

.9933 

. 5445 

.8213 

.0609 

. 5746 

- 4254 

29 

32 

. 3435 

. 6564 

.9908 

. 6477 

.8187 

.0611 

. 6755 

. 4245 

28 

33 

. 8463 

. 6537 

.9884 

. 5510 

.8161 

.0612 

. 5705 

. 4235 

27 

34 

- 3490 

. 6510 

.9859 

. 5543 

.8135 

0613 

. 5775 

. 4225 

26 

36 

.83518 

.66482 

2.9835 

.35576 

2.8109 

1.0614 

.05784 

.94215 

25 

36 

. 3545 

. 6455 

.9810 

. 5608 

.8083 

.0615 

. 5794 

, . 4206 

24 

37 

. 3572 

. 6427 

.9786 

. 5641 

.8057 

.0616 

. 5804 

. 4196 

23 

38 

. 3600 

. 6400 

.9762 

. 5074 

.8032 

.0617 

. 5814 

. 4186 

22 

39 

. 3627 

. 6373 

.9738 

. 5707 

.8006 

-0618 

. 5823 

. 4176 

21 

40 

.33655 

.66345 

2.9713 

.35739 

2.7980 

1.0G19 

.05833 

.94167 

20 

41 

. 3682 

. 6318 

.9689 

. 5772 

.7954 

.0620 

. 5843 

. 4157 

19 

42 

. 3709 

. 6290 

.9665 

. 5805 

.7929 

.0622 

. 6853 

. 4147 

18 

43 

- 3737 

. 6263 

.9641 

- 5838 

.7903 

.0623 

. 5863 

. 4137 

17 

44 

. 3764 

. 6236 

.9617 

. 6871 

.7878 

1 .0624 

. 5872 

i . 4127 

16 

45 

.33792 

.60208 

2.9593 

.35904 

2.7852 

1.0625 

.05882 

.94118 

15 

46 

. 3819 

. 6181 

.9569 

. 6936 

.7827 

.0626 

- 5892 

. 4108 

14 

47 

. 3846 

, 6153 

.9545 

, 5969 

-7801 

.0627 

. 5902 

. 4098 

13 

48 

. 3874 

. 6126 

.9521 

. 6002 

.7776 

.0628 

. 6912 

. 4088 

12 

49 

. 3901 

. 6099 

.9497 

. 6035 

.7751 

.0629 

. 5922 

. 4078 

11 

50 

.33923 

.66071 

2.9474 

.36068 

2.7725 

1.0630 

.05932 

.94068 

10 

51 

. 3956 

* 6044 

.9450 

. 6101 

.7700 

.0632 

. 5941 

. 4058 

9 

52 

. 3983 

. 6017 

.9426 

. 6134 

.7675 

.0633 

. 5951 

. 4049 

8 

53 

. 4011 

- 5989 

.9402 

. 6167 

.7650 

.0634 

. 5961 

. 4039 

7 

54 

. 4038 

. 5962 

.9379 

. 6199 

,7625 

.0635 

. 5971 

. 4029 

6 

65 

.34065 

.65935 

2.9355 

.36232 

2.7600 

1.0636 

.05981 

.94019 

6 

56 

. 4093 

. 5907 

.9332 

. 6265 i 

.7574 

-0637 

. 5991 

, 4009 

4 

57 

. 4120 

. 5880 

.9308 

. 6298 

.7549 

.0638 

. 6001 

. 8999 

3 

68 

. 4147 

. 5853 

.9285 

. 6331 

.7524 

-0639 

. 6011 

. 3989 

2 

69 

. 4175 

. 5825 i 

.9261 

. 6364 

.7500 

.0641 

. 6021 

. 3979 

1 

60 

. 4202 

. 5798 j 

.9238 

. 6397 

.7475 

.0642 1 

, 6031 

. 3969 

0 

mT 

€k>siue. 

Vrs. sin. j 

Secant. 

Cotang. 

Tang. 

Cosec ’nt | 

Vrs. cos. 

Sine. 
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2 , 0 ^ Natural Trigonometrical Functions. 159® 

Sine. Vrs, cos. Cosecant Tang. Cotang. Secant. Vrs. sin. Cosine. M. 

.34202 .65798 2.9233 .36397 2.7475 1,0642 .06031 .93969 60 

. 4229 , 5771 .9215 . 6430 .7450 .0643 . 6041 . 3959 59 

. 4257 . 6743 .9191 . 6463 .7425 .0644 . 6051 . 3949 58 

. 4284 . 5716 .9168 . 6496 .7400 ,0645 . 6061 . 3939 57 

. 4311 . 56S9 .9146 . 6529 .7376 .0646 . 6071 . 3929 56 

,34339 .65661 2.9122 .36562 2.7351 1.0647 .06080 .93919 55 

. 4366 . 6634 .9098 . 6595 .7326 .0643 . 6090 , 3909 54 

, 4393 . 5607 .9075 . 6628 .7302 .0650 . 6100 . 3899 53 

. 4421 . 5579 .9052 . 6661 .7277 .0651 . 6110 . 3889 52 

. 4448 . 6552 .9029 . 6694 .7252 .0652 . 6121 . 3879 51 

.34475 .65525 2.9006 .36727 2.7228 1.0653 .06131 .93869 50 

. 4502 , 5497 .8983 . 6760 .7204 .0654 . 6141 . 3859 49 

. 4530 ^ 5470 ,8960 . 6793 .7179 .0655 . 6151 . 3849 48 

. 4557 . 5443 .8937 . 6826 .7155 .0656 . 6161 . 3839 47 

. 4584 - 5415 .8915 . 6859 .7130 .0658 . 6171 . 3829 46 

.34612 .65388 2.8892 .36892 2.7106 1.0659 .06181 .93819 45 

, 4639 . 5361 .8869 . 6925 .7082 .0660 . 6191 . 3809 44 

. 4666 , 5334 .8846 . 6958 .7058 .0661 . 6201 , 3799 43 

. 4693 . 5306 .8824 . 6991 .7033 .0662 . 6211 . 8789 42 

. 4721 , 5279 .8801 . 7024 .7009 .0663 . 6221 . 3779 41 

.34748 .65252 2.8778 .37057 2.6985 1.0664 .06231 .93769 40 

. 4775 . 6226 .8756 . 7090 .6961 .0666 . 6241 . 3758 39 

. 4803 . 6197 .8783 . 7123 .6937 .0667 . 6251 . 8748 38 

. 4830 . 5170 .8711 . 7156 .6913 .0668 . 6262 . 3738 37 

. 4857 . 5143 .8688 . 7190 .6889 .0669 . 6272 . 3728 36 

.34884 .65115 2.8666 .37223 2.6865 1.0670 .06282 .93718 35 

. 4912 . 5088 .8644 . 7256 .6841 .0671 . 6292 . 3708 34 

. 4939 , 5061 .8621 . 7289 .6817 .0673 . 6302 . 8698 33 

. 4966 , 5034 .8599 . 7322 .6794 .0674 . 6312 , 3687 32 

. 4993 . 5006 .8577 . 7355 .6770 .0675 . 6323 . 8677 31 

.35021 .64979 2.8554 .37388 2.6746 1.0676 .06333 .93667 30 

. 5048 . 4952 .8532 . 7422 .6722 .0677 . 6343 . 3657 29 

. 5075 . 4925 .8510 . 7455 .6699 .0678 . 6353 . 364» 28 

. 5102 . 4897 .8488 , 7488 .6675 .0679 . 6363 . 3637 27 

. 5130 . 4870 .8466 . 7521 .6652 .0681 . 6373 . 3626 26 

,35157 .64843 2.8444 .37554 2.6628 1,0682 .06384 .93616 25 

- 5184 . 4816 .8422 , 7587 .6604 ,0683 . 6394 . 3606 24 

. 5211 . 4789 .8400 . 7621 .6581 .0684 . 6404 . 3596 23 

. 5239 . 4761 .8378 . 7654 .6558 .0685 . 6414 . 3585 22 

, 5266 , 4734 .8356 . 7687 .6534 .0686 . 6425 . 3575 21 

,35293 -64707 2.8334 .37720 2.6511 1.0688 .06435 .93565 20 

. 6320 . 4680 .8312 , 7754 -6487 .0689 . 6445 . 3555 19 

. 6347 - 4652 .8290 . . 7787 -6464 .0690 . 6456 . 3544 18 

. 5375 . 4625 .8269 . 7820 .6441 .0691 . 6466 . 3534 17 

. 5402 , 4598 .8247 . 7853 .6418 .0692 . 6476 . 3524 16 

.35429 .64571 2.8225 .37887 2.6394 1.0694 .06486 .93513 15 

. 5456 . 4544 .8204 . 7920 .6371 .0695 . 6497 . 3503 14 

. 5483 . 4516 .8182 . 7953 .6348 .0696 . 6507 . 3493 13 

. 5511 . 4489 .8160 , 7986 .6325 .0697 . 6517 . 3482 12 

. 5538 . 4462 .8139 . 8020 .6302 .0698 . 6528 . 3472 11 

.35565 .64435 2.8117 .38053 2.6279 1.0699 .06538 .93462 10 

. 5592 , 4408 .8096 . 8086 . .6256 .0701 . 6548 - 3451 9 

. 5619 . 4380 .8074 . 8120 -6233 .0702 . 6559 . 3441 8 

. 6647 . 4353 .8053 . 8163 .6210 .0703 . 6569 . 3431 7 

. 6674 . 4326 .8032 . 8186 .6187 -0704 . 6579 . 3420 6 

.35701 .64299 2.8010 -38220 2.6164 1.0705 .06590 .93410 5 

. 5728 . 4272 .7989 . 8253 .6142 .0707 . 6600 . 3400 4 

. 5755 - 4245 .7968 . 8286 .6119 .0708 . 6611 . 3389 3 

. 5782 - 4217 -7947 . 8320 .6096 .0709 . 6621 . 3379 2 

. 5810 . 4190 .7925 , 8353 -6073 .0710 . 6631 . 3368 1 

. 6837 . 4163 .7904 . . 8386 .6051 .0711 . 6642 . 3358 0 

•M , I Cosine. Vrs. sin. Secant. Cotang. Tang. (k)sec*nt Vrs. cos. Sine. M. 

*jep - - ^ 
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Natural Trigonometrical Functions. 158® 


M. Sine. Trs. cos. Cosecant Tang. Cotang. Secant. Vrs. fain. Cosine. M. 

-35S37 .64163 2.7904 .38386 2.6051 1.0711 .06642 .93358 60 

1 . 5864 . 4136 .7883 . 8420 .6028 .0713 , 6652 . 3348 59 

2 . 5891 . 4109 .7862 . 8453 .6006 .0714 . 6663 . 3337 58 

3 . 5918 . 4082 .7841 . 8486 .5983 .0715 . 6673 . 3327 57 

4 . 5945 . 4055 .7820 - 8520 .5960 .0716 . 6684 . 3316 66 

5 .35972 .64027 2.7799 -38553 2,5938 1.0717 .06694 .93306 55 

6 . 6000 . 4000 .7778 . 8587 -5916 .0719 . 6705 . 3295 54 

7 . 6027 . 3973 .7757 . 8620 .5893 .0720 . 6715 . 3285 53 

8 . 6054- . 3946 .7736 . 8654 .5871 .0721 . 6726 , 3274 52 

9 . 6081 . 3919 .7715 . 8687 .5848 .0722 . 6736 . 3264 51 

10 .36108 -63S92 2.7694 .38720 2.5826 1.0723 .06747 .93253 50 

11 . 6135 . 3865 .7674 . 87.54 .5804 .0725 . 6757 . 3243 49 

12 . 6162 . 8837 .7653 . 8787 .5781 .0726 . 6768 . 8232 48 

13 . 6189 . 3810 .7632 . 8821 .5759 .0727 . 6778 . 8222 47 

14 . 6217 - 3783 .7611 . 8854 .5737 .0728 . 6789 . 3211 46 

15 .36244 .63756 2.7593 .38888 2.5715 1.0729 .06799 .93201 46 

16 . 6271 . 3729 .757^ . 8921- .5693 .0731 . 6810 . 8190 44 

17 . 6298 . 3702 .7550 . 8955 .5671 ,0732 . 6820 . 8180 43 

18 . 6325 . 3675 .7529 . 8988 .5640 .0733 . 6831 . 8169 42 

19 . 6352 . 3648 .7509 . 9022 .5627 .0734 . 6841 . 315C 41 

20 .36379 .63621 2.7488 -39055 2.5605 1.0736 .06852 .93148 40 

21 . 6406 . 3593 .7468 . 9089 .5583 .0737 . 6863 . 8137 39 

22 . 64a3 . 3566 .7447 . 9122 .5561 .0738 . 6873 . 3127 38 

23 . 6460 . 3539 .7427 . 9156 .5539 .0739 . 6884 . 3116 37 

24 . 6488 . 3512 .7406 . 9189 .5517 .0740 . 6894 . 3103 36 

25 -36515 .63485 2.7386 .39223 2.5495 1.0742 .06905 .93095 35 

26 . 6542 , 3458 .7366 . 9257 .5473 .0743 . 6916 . 3084 34 

27 . 6569 . 3431 .7346 . 9290 .5451 .0744 . 6926 . 8074 33 

28 . 6596 . 3404 .7325 . 9324 .5430 .0745 . 6937 . 8063 32 

29 . 6623 . 3377 .7305 . 9357 .5408 .0747 . 6947 . 8052 31 

SO .36650 ,63350 2.7285 .39391 2.5386 1.0748 .06958 I .93042 30 

31 . 6677 . 3323 .7265 . 9425 .5365 .0749 . 6969 . 8031 29 

32 . 6704 . 3296 .7245 . 9458 .5343 .0750 . 6979 . 3020 28 

S3 . 6731 . 3269 .7225 . 9492 .5322 .0751 . 6990 . 3010 27 

34 - 6768 . 3242 .7205 - 9525 .5300 .0753 . 7001 . 2999 26 

35 -36785 .63214 2.7185 .39559 2.5278 1-0754 .07012 .92988 25 

36 . 6812 . 3187 .7165 . 9593 .5257 .0755 . 7022 . 2978 24 

37 . 6839 . 3160 .7145 . 9626 .5236 .0756 . 7033 . 2967 23 

38 . 6866 . 3133 .7125 . 9660 .5214 .0758 . 7044 . 2956 22 

39 . 6893 . 3106 .7105 . 9694 .5193 .0759 . 7054 . 2946 21 

40 .36921 .63079 2.7085 .39727 2.5171 1.0760 .07065 .92935 20 

41 . 6948 . 3052 .7065 . 9761 .5150 .0761 . 7076 . 2924 19 

42 . 6975 . 3025 .7045 . 9795 .5129 .0763 . 7087 . 2913 18 

43 . 7002 . 2998 .7026 . 9828 .5108 .0764 . 7097 . 2902 17 

44 . 7029 . 2971 .7006 - 9862 .5086 .0765 . 7108 . 2892 16 

45 -37056 .62944 2.6986 .39896 2.5065 1.0766 .07119 .92881 15 

46 . 7083 . 2917 .6967 . 9930 .5044 .0768 . 7130 . 2870 14 

47 . 7110 , 2890 .6947 . 9963 .5023 .0769 . 7141 . 2859 13 

48 . 7137 . 2863 .6927 . 9997 .6002 .0770 . 7151 . 2848 12 

49 . 7164 . 2836 .6908 .40031 .4981 .0771 . 7162 . 2838 11 

50 , .37191 .62809 2.6888 .40065 2.4960 1.0773 107173 ,92827 10 

51 : * 7218 . 2782 ,.6869 . 0098 .4939 .0774 .• 7184 .2816 9 

52 , . 7246 . 2755 -.6849 . 0132 .4918 .0775 . 7195 . 2806 -8 

53 . 7272 . 2728 .6880 . 0166 .4897 .0776 . 7205 . 2794 -7 

54 . 7299 - 2701 .6810 . 0200 .4876 .0778 . 7216 . 2784 6 

55 .37326 .62674 2.6791 .40233 2.4855 1.0779 .07227 ^ .92773 6 

56 . 7353 . 2647 .6772 . 0267 .4834 .0780 . 7238 . 2762 4 

57 . 73St - 2620 .6752 ! . 0301 .4813 .0781 . 7249 . 2751 8 

58 . 7407 . 2593 .6733 . 0335 .4792 .0783 . 7260 . 2740 2 

59 . 7434 . 2566 .6714 ; . 0369 .4772 .0784 . 7271 . 2729 1 

60 . 7461 . 2539 .6695 ’ . 0403 ..4751 .0785 . 7282 . 2718 0 


^ T. I Co? in i:-. Vr.s. .giri. j Secnnr. C out iig. , Tang. , Cosec ’nt Vrs. co.«. Sine. M. 

'da® 
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22® Natural Trigonometrical Functions, 157® 



Sine. 

Vrs. cos. 

Cosec’nt 

Tang. 

j Cotang. 

Secant. 

[]Vrs, sin. 

Cosine. 

M. 

0 

.37461 

.62539 

2.6695 

-40403 

2.4751 

1.0785 

* .07282 

.92718 

60 

1 

. 7488 

. 2512 

.6675 

. 0436 

.4730 

.0787 

, 7292 

. 2707 

59 

2 

. 7514 

. 2485 

,6656 

. 0470 

.4709 

.0788 

. 7303 

. 2696 

58 

3 

. 7541 

. 2458 

.6637 

. 0504 

.4689 

.0789 

. 7314 

. 2686 

57 

4 

. 7568 

. 2431 

.6618 

. 0538 

.4668 

.0790 

. 7325 

. 2675 

56 

5 

.37595 

.62404 

2.6599 

.40572 

2.4647 

1.0792 

.07336 

.92664 

55 

6 

. 7622 

. 2377 

.6580 

. 0606 

.4627 

-0793 

. 7347 

. 2653 

54 

7 

. 7649 

. 2351 

.6561 

. 0640 

.4606 

-0794 

. 7358 

. 2642 

53 

8 

. 7676 

. 2324 

.6542 

. 0673 

.4586 

.0795 

. 7369 

. 2631 

52 

9 

. 7703 

- 2297 

.6523 

. 0707 

-4565 

.0797 

. 7380 

. 2620 

51 

10 

.37730 

-62270 

2.6504 

.40741 

2.4545 

1.0798 

-07391 

.92609 

50 

11 

. 7757 

. 2243 

.6485 

. 0775 

.4525 

.0799 

. 7402 

. 2598 

49 

12 

. 7784 

. 2216 

.6466 

. 0809 

.4504 

.0801 

. 7413 

. 2587 

48 

33 

. 7811 

. 2189 

.6447 

. 0843 

.4484 

.0802 

. 7424 

. 2576 

47 

14 

. 7838 

. 2162 

.6428 

, 0877 

.4463 

.0803 

. 7435 

. 2565 

46 

15 

.37865 

.62135 

2.6410 

.40911 

2.4443 

1.0S04 

.07446 

-92554 ! 

45 

36 

. 7892 

. 2108 

.6391 

. 0945 

.4423 

.0806 

. 7457 

. 2543 i 

44 

37 

. 7919 

. 2081 

.6372 

- 0979 

-4403 

■ .0807 

. 7468 

- 2532 

43 

13 

. 7946 

. 2054 

.6353 

. 1013 

.4382 

.0808 

. 7479 

. 2521 

42 

19 

. 7972 

. 2027 

.6335 

. 1047 

.4362 

.0810 

. 7490 

. 2510 

41 

20 

.37999 

.62000 

2.6316 

.41081 

2.4342 

1.0811 

.07501 

.92499 

40 

21 

, 8026 

. 1974 

.6297 

. 1115 

.4322 

.0812 

. 7512 

. 2488 

39 

22 

. 8053 

. 1947 

.6279 

. 1149 

.4302 

.0813 

. 7523 

. 2477 ! 

38 

23 

. 8080 

. 1920 

.6260 

. 1183 

.4282 

.0815 

. 7534 

. 2466 

37 

24 

. 8107 

. 1893 

.6242 

. 1217 

.4262 

.0816 

. 7545 

. 2455 

36 

25 

.38134 

.61866 

2.6223 

.41251 

2.4242 

1.0817 

.07556 

.92443 

35 

26 i 

. 8161 

- 1839 

.6205 

. 1285 

.4222 

.0819 

. 7567 

. 2432 

34 

27 

. 8188 

. 1812 

.6186 

, 1319 

.4202 

.0820 

- 7579 

. 2421 

33 

28 

. 8214 

. 1785 

.6168 

- 1353 

.4182 

.0821 

. 7590 

. 2410 

32 

29 

. 8241 

. 1758 

.6150 

. 1387 

.4162 

.0823 

. 7601 

. 2399 

31 

SO 

.38208 

.61732 

2.6131 

.41421 

2.4142 

1,0824 

.07612 

.92388 

30 

31 

. 8295 

. .1705 

.6113 

. 1455 

.4122 

.0825 

. 7623 

. 2377 

29 

82 j 

. 8322 j 

. 1678 

.6095 

. 1489 

.4102 

.0826 

. 7634 

. 2366 

28 

33 ! 

, 8349 

. 1651 

.6076 

. 1524 

,4083 

.0828 

. 7645 

. 2354 

27 

84 

. 8376 ! 

. 1624 

.6058 

. 1558 

.4063 

.0829 

. 7657 

. 2343 

26 

35 

.38403 1 

.61597 

2.6040 

.41592 

2.4043 

1.0830 

.07668 

.92332 

25 

36 

, 8429 ' 

. 1570 

.6022 

, 1626 

.'4023 

.0832 

. 7679 

2321 

24 

37 i 

. 8456 

. 1544 

.6003 

. 1660 

,4004 

! .0833 

. 7690 

. 2310 

23 

38 1 

. 8483 ; 

. 1517 

.5985 

, 1694 

.3984 

.0834 

, 7701 

. 2299 

22 

39 

. 8510 

. 1490 

.6967 

; . 1728 

.8964 

.0836 

. 7712 

. 2287 

21 

40 , 

.38537 

.61463 

2.5949 

! .41762 

2.3945 

1.0837 

.07724 

.92276 

20 

41 I 

. 8564 : 

. 1436 

.5931 

i . 1797 

.3925 

.0838 

, 7735 

. 2265 

19 

42 

. 8591 

- 1409 

.5913 

. 1831 

.3906 

,0840 

. 7746 

. 2254 

18 

43 , 

. 8617 

- 1382 

.5895 

. 1865 

.3886 

.0841 

. 7757 

. 2242 

17 

44 : 

. 8644 

. 1356 

.5877 

. 1899 

-3867 

.0842 

. 7769 

. 2231 

16 

45 : 

.38671 

-G1329 

2.5859 

.41933 

2.3847 

1.0844 

.07780 

-92220 

15 

46 

. 8698 

. 1302 

.5841 

. 1968 

.3828 

.0845 

. 7791 

, 2209 

14 

47 

, 8725 

. 1275 

.5823 

. 2002 

.3808 

.0846 

. 7802 

. 2197 

IS 

48 

. 8751 

. 1248 

.5805 

. 2036 

.3789 

.0847 

. 7814 

. 2186 

12 

49 

. 8778 

.-1222 

.6787 

- 2070 

.3770 

.0849 

. 7825 

, 2175 

11 

5<J 

.38805 

.61195' 

2.5770 

.42105 

2.3750 

1-.0850 

.07836 

.92164 

10- 

61' 

. 8832 

. 1168 

.5752 

.2139 

-3731 

,0851 

. 7847 

. 2152 

9- 

52 

1 ..-ssao 

. 1141 

.5734 

.•2173 

.3712 

i0853 

. 7859 

. 2141 

S 

53 

■ . 8886 

- 1114 

.5716 

. 2207 

.3692 

.0854 

. .7870 

. 2130 

7 

64 

. 8912 

. 1088' 

.5699 

. 2242 

.3673 

.0855 

. 7881 

. 2118 

6 

56 

.38939 

.61061 

2.5681 

.42276 

2.3654 

1.0857 

.07893 

.92107 

5 

66 

. 8966 

. 1034 

.5663 

. 2310 

.3635 

.0858 

. 7904 

. 2096 

4 

57 

. 8993 

. 1007 

.5646 

. 2344 

.3616 

.0859 

. 7915 

. 2084 

3 

68 

. 9019 

. 0980 

.5628 

. 2379 

.3597 

.0861 

. 7927 

. 2073 

2 

59 

. 9046 

, 0954 

.5610 

. 2413 

.3577 

.^362 

. 7938 

. 2062 

1 

60 

. 9073 

. 0927 

.5593 

. 2447 

.3558 

.CS64 

. 7949 

.. 2050 

0 

m7 

Cosine. 

Vrs. sin. 

Secant. 

Ootang. 

Tang. 

Cosec’nt 

1 

Sine. 

M, 
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23® Natural Trigonometrical Functions, t5<S® 


M. 

Sine, 

Vrs. cos. 

Cosec’^ni 

b Tang. 

Cotang. 

. Secant. 

'Vrs. sin, 

. Cosine. 


0 

.39073 

.60927 

2.5593 

.42447 

2.3558 

1-0S64 

.07949 

.92050 

60 

1 

. 9100 

. 0900 

.5575 

- 2482 

.3539 

.0865 

. 7961 

. 2039 

69 

2 

. 9126 

. 0873 

.5558 

. 2516 

.3520 

.0866 

. 7972 

. 2028 

58 

3 

. 9153 

. 0846 

.5540 

. 2550 

-3501 

.0868 

. 7984 

. 2016 

57 

4 

. 9180 

. 0820 

.5523 

. 2585 

.3482 

-0869 

. 7995 

. 2005 

56 

5 

.39207 

.60793 

2.6506 

.42619 

2.3463 

1.0870 

.08006 

.91993 

55 

6 

. 9234 

. 0766 

.6488 

. 2654 

.3445 

.0872 

. 8018 

. 1982 

64 

7 

. 9260 

. 0739 

.5471 

. 2688 

.3426 

.0873 

. 8029 

. 1971 

53 

8 

. 9287 

. 0713 

.5453 

. 2722 

.3407 

.0874 

. 8041 

. 1959 

62 

9 

. 9314 

. 0686 

.5436 

. 2757 

.3388 

,0876 

. 8052 

. 1948 

51 

10 

.39341 

.60659 

2.5419 

.42791 

2.3369 

1.0877 

.08063 

.91936 

50 

11 

. 9367 

. 0632 

.5402 

. 2826 

.3350 

.0878 

. 8075 

. 1925 

49 

12 

. 9394 

. 0606 

.5384 

. 2860 

.3332' 

.0880 

. 8086 

. 1913 

48 

13 

. 9421 

, 0579 

,5367 

. 2894 

.3313 

-0881 

. 8098 

. 1902 

47 

14 

. 9448 

. 0552 

.5350 

. 2929 

.3294 

.0882 

. 8109 

. 1891 

46 

15 

.39474 

.60526 

2.5333 

.42963 

2.3276 

1,0884 

.08121 

.91879 

45 

16 

. 9501 

. 0499 

.6316 

. 2998 

.3257 

.0885 

. 8132 

. 1868 

44 

17 

. 9528 

. 0472 1 

.5299 ‘ 

. 3032 

.3238 

.0886 

. 8144 

. 1856 

43 

18 

. 9564 

. 0445 

.5281 

. 3067 

.3220 

.0888 

. 8155 

. 1845 

42 

19 

. 9581 

. 0419 

.5264 

. 3101 

.3201 

.0889 

. 8167 

. 1833 

41 

20 

.39608 

.60392 

2.5247 

-43136 

2.3183 

1.0891 

.08178 

.91822 

40 

21 

. 9635 

. 0365 

.5230 

. 3170 

.3164 

.0892 

. 8190 

. 1810 

39 

22 

. 9661 

. 0339 

.6213 

. 3205 

.3145 

.0893 

. 8201 

. 1798 

38 

23 

. 9688 

. 0312 

.5196 

. 3239 

.3127 

.0895 

. 8213 

. 1787 

37 

24 

. 9715 

. 0285 

.5179 

. 3274 

.3109 

.0896 

. 8224 

. 1775 

36 

25 

.39741 

.60258 

2.5163 

.43308 

2.3090 

1.0897 

.08236 

.91764 

35 

26 

. 9768 

. 0232 

.5146 

. 3343 

,3072 

.0899 

. 8248 

. 1762 

34 

27 

. 9795 

. 0205 

.5129 

- 3377 

.3053 

.0900 

. 8259 

, 1741 

33 

28 

. 9821 

. 0178 

.5112 

. 3412 

.3035 

.0902 

. 8271 

. 1729 

32 

29 

. 9848 

. 0152 

.6095 

. 3447 

.3017 

.0903 

. 8282 

. 1718 

31 

30 

.39875 

.60125 

2,6078 

.43481 

2.2998 

1.0904 

.08294 

.91706 

30 

Si 

. 9901 

. 0098 

.5062 

. 3516 

.2980 

.0906 

. 8306 

. 1694 

29 

32 

. 9928 

. 0072 

.5045 

. 3550 

.2962 

.0907 

. 8317 

. 1683 

28 

33 

. 9955 

. 0045 

.5028 

. 3585 

.2944 

1 .0908 

. 8329 

. 1671 

27 

34 

, 9981 

. 0018 

.5011 

. 3620 

.2925 

.0910 

. 8340 

. 1659 

26 

36 

.40008 

.59992 

2.4995 

.43654 

2.2907 

1.0911 

.08352 

.91648 

25 

36 

. 0035 

. 9965 

.4978 

. 3689 

.2889 

.0913 

. 8364 

. 1636 

24 

37 

. 0061 

. 9938 

.4961 

. 3723 

.2871 

.0914 

. 8375 

. 1625 

23 

38 

. 0088 

, 9912 

.4945 

. 3758 

,2853 

.0915 

. 8387 

. 1613 

22 

39 

. 0115 

. 9885 

.4928 

. 3793 ; 

-2835 

.0917 

. 8399 

. 1601 

21 

40 

.40141 

,69858 

2.4912 

.43827 1 

2.2817 

1.0918 

.08410 

.91590 

20 

41 

. 0168 

. 9832 

.4895 

, 3862 

.2799 

.0920 

. 8422 

. 1678 

19 

42 

. 0195 

. 9805 

.4879 

. 3897 

.2781 

.0921 

. 8434 

. 1566 

18 

43 

. 0221 

- 9778 

.4862 

. 3932 

.2763 

.0922 

. 8445 

. 1554 

17 

44 

. 0248 

. 9762 

.4846 

- 3966 

.2745 

.0924 

. 8457 

. 1643 

16 

45 

.40275 

.59725 

2.4829 

.44001 

2.2727 

1.0925 

.08469 

,91631 

16 

46 

. 0301 

. 9699 

.4813 

. 4036 

•2709 

.0927 

. 8480 

. 1519 

14 

47 

. 0328 

. 9672 

.4797 

. 4070 

.2691 

.•0928 

. 8492 

. 1508 

13 

48 

. 0354 

. 9645 

.4780 

. 4105 

.2673 

,0929 

. 8504 

. 1496 

12 

49 

, 0381 

. 9619 

.4764 

. 4140 

.2655 

.0931 

. 8516 

. 1484 

11 

50 

.40408 

.59592 

2.4748 

.44175 

2-2637 

1.0932 

-08527 

.91472 

10 

51 

. 0434 

. 9566 

.4731 

. 4209 

.2619 

.0934 

. 8539 

. 1461 

9 

52 

. 0461 

. 9539 

.4715 

. 4244 

-2602 

.0935 

. 8551 

. 1449 

8 

63 

. 0487 

. 9512 

.4699 

. 4279 

.2584 

.0936 

. 8563 

. 1437 

7 

54 

. 0514 

. 9486 

.4683 

. 4314 

.2566 

.0938 

. 8675 

. 1425 

6 

55 

.40541 

.59459 

2.4666 

.44349 

2.2648 

1.0939 

.08586 

.91414 

5 

56 

. 0567 

. 9433 

.4650 

. 4383 

.2531 

.0941 

. 8598 

. 1402 

4 

57 

. 0594 

. 9406 

.4634 

. 4418 

.2513 

.0942 

8610 

. 1390 

3 

58 

. 0620 

, 9379 

.4618 

. 4453 

,2495 

.0943 

. 8622 

. 1378 

2 

59 

. 0647 

. 9353 

.4602 

. 4488 

.2478 

.0945 

. 8634 

. 1366 

1 

60 

. 0674 

. 9326 

.4586 

. 4523 

-2460 

.0946 

. 8645 

. 1354 

0 

ic7 

Cosine. 

Vrs. sin. 

Secant- 

Gotang. 

Tang, i 

Hosec’nt 1' 

Vrs, cos. 

Sine. ] 

M, 
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24® Natural Trigonometrical Functions. 155° 


k. j 

Sine. 

Vrs, cos. 

Cosec *nt 

Tang. 

Cotang. 

Secant. 

Trs. Bin. 

Cosine. 

M. 

0 ! 

.40674 

,59326 

2.4586 

.44523 

2.2460 

3 .0946 

.08645 

.91354 

60 

1 

. 0700 

. 9300 

.4570 

. 4558 

.2443 

.0948 

. 8657 

- 1343 

59 


, 0727 

. 9273 

.4554 

. 4593 

.2425 

.0949 

- 8669 

. 1331 

58 

3 

. 0753 

^ 9247 

.4538 

. 4627 

.2408 

.0951 

. 8681 

. 1319 

57 

4 

. 0780 

. 9220 

.4522 

. 4662 

-2390 

.0952 

. 8693 

, 1307 

56 

5 

.40806 

.59193 

2.4506 

.44097 

2.2373 

1.0953 

.08705 

.91295 

55 

6 

. 0833 

. 9167 

.4490 

. 4732 

.2355 

.0955 

. 8716 

. 1283 i 

54 

7 

. 0860 

. 9140 

*4474 

. 4767 

.2338 

.0956 

. 8728 

. 1271 

53 

8 

. 0886 

. 9114 

.4458 

. 4802 

.2320 

-0958 

. 8740 

. 1260 

52 

9 

. 0913 

. 9087 

.4442 

. 4837 

.2303 

.0969 

- 8752 

. 1248 

51 

10 

.40939 

.59061 

2.4426 

-44872 

2.2286 

1.0961 

-0S764 

.91236 

50 

11 

. 0966 

. 9034 

.4411 

- 4907 

.2268 

.0962 

. 8776 1 

. 1224 

49 

12 

. 0992 

. 9008 

-4395 

. 4942 

.2251 

.0963 


, 1212 

48 

13 

. 1019 

. 8981 

.4379 

. 4977 

.2234 

.0965 

. 8800 I 

. 1200 

47 

14 

, 1045 

. 8955 

.4363 

. 5012 

.2216 

.0966 

- 8812 

..1188 

46 

15 

,41072 

.58928 

2.4347 

-45047 

2.2199 

1.0968 

.08824 

.91176 

45 

16 

. 1098 

. 8901 

.4332 

. 6082 

.2182 

.0969 

. 8836 

. 1164 

44 

17 

. 1125 

. 8875 

.4316 

. 5117 

.2165 

.0971 

. 8848 

, 1152 

43 

18 

. 1151 

, 8848 

.4300 

. 5152 

-2147 

,0972 

. 8860 

. 1140 

42 

19 

. 1178 

. 8822 

.4285 

. 6187 

.2130 

.0973 

. 8872 

, 1128 

41 

20 

.41204 

.58795 

2.4269 

.45222 

2.2113 

1.0975 

.08884 

.91116 

40 

21 

. 1231 

. 8769 

.4254 

. 5257 

.2096 

.0976 

. 8896 

. 1104 

39 

22 

, 1257 

. 8742 

.4238 

. 5292 

.2079 

-0978 

. 8908 

. 1092 

38 

23 

. 1284 

. 8716 

4222 

. 6327 

.2062 

.0979 

. 8920 

- 1080 

37 

24 

. 1310 

. 8689 

.4207 

. 6362 

.2045 

.0981 

. 8932 

. 1068 

36 

25 

,41337 

.58663 

2.4191 

.45397 

2.2028 

1.0982 

.08944 

.91056 

35 

26 

. 1363 

. 8636 

.4176 

. 6432 

.2011 

.0984 

. 8956 

. 1044 

34 

27 

. 1390 

. 8610 

.4160 

. 5467 

.1994 

.0985 

. 8968 

. 1032 

33 

28 

. 1416 

. 8584 

.4145 

. 6502 

.1977 

.0986 

. 8980 

. 1020 

32 

29 

. 1443 

. 8557 

.4130 

. 6537 

.1960 

.0988 

. 8992 

. 1008 

31 

SO 

.41469 

.58531 

2.4114 

.45573 

2.1943 

1.0989 

.09004 

.90996 

30 

SI 

. 1496 

. 8504 

.4099 

. 6608 

.1926 

.0991 

. 9016 

. 0984 

29 

82 

. 1522 

. 8478 

.4083 

. 5643 

.1909 i 

.0992 

. 9028 

, 0972 

28 

S3 

. 1549 

, 8451 

.4068 

. 5678 

.1892 1 

.0994 

. 9040 

. 0960 

27 

34 

. 1575 

. 8425 

.4053 

. 5713 

.1875 1 

.0995 

. 9052 

. 0948 

26 

35 

41602 

.58398 

2.4037 

.45748 

2.1859 

1.0997 

.09064 

.90936 

25 

36 

. 1628 

, 8372 

.4022 

! . 5783 

.1842 : 

.0998 

. 9076 

. 0924 

24 

37 

- 1654 

- 8345 

.4007 

. 5819 

.1825 

.1000 

. 9088 

. 0911 

23 

38 

. 1681 

. 8319 

.3992 

. 5834 

.1808 

.1001 

. 9101 

. 0899 

22 

39 

. 1707 

. 8292 

.3976 

. 5889 

.1792 1 

.1003 

. 9113 

. 0887 

21 

40 

.41734 

.58266 

2.3961 

.45924 

2.1775 

1.1004 

.09125 

.90876 

20 

41 

. 1760 

. 8240 

.3946 

. 5960 

.1758 

.1005 

. 9137 

. 0863 

19 

42 

, 1787 

. 8213 

.3931 

, 5995 

.1741 

.1007 

. 9149 

. 0851 

18 

43 

. 1813 

. 8187 

.3916 

. 6080 

.1725 

.1008 

- 9161 

. 0839 

17 

44 

. ia39 

. 8160 

.3901 

, 6065 

-1708 

,1010 

. 9173 

, 0826 

16 

45 

.41866 

.58134 

2.3886 

.46101 

2.1692 

1.1011 

.09186 

.90814 

15 

46 

. 1892 

. 8108 

.3871 

. 6136 

.1675 

.1013 

. 9198 

- 0802 

14 

47 

- 1919 

- 8081 

.3856 

. 6171 

.1658 

,1014 

. 9210 

. 0790 

13 

48 

. 1945 

. 8055 

.3841 

. 6206 

.1642 

.1016 

. 9222 

. 0778 

12 

49 

. 1972 

. 8028 

.3826 

. 6242 

.1625 

,1017 

. 9234 

. 0765 

11 

50 

.41998 

.58002 

2.3811 

.46277 

2.1609 

1.1019 

.09247 

-90753 

10 

51 

. 2024 

. 7976 

-3796 

. 6312 

.1592 

1 .1020 

. 9259 

. 0741 


52 

, 2051 

. 7949 

,3781 

. 6348 

.1576 

.1022 

. 9271 

. 0729 

8 

53 

. 2077 

. 7923 

.3766 

. 6383 

.1669 

.1023 

. 9283 

. 0717 

7 

54 

. 2103 

. 7896 

.3751 

. 6418 

.1543 

.1025 

. 9296 

. 0704 

6 

55 

,421.30 

-57870 

2.3'736 

.46454 

2.1527 

1.1026 

.09308 

.90692 

5 

56 

. 2156 

. 7844 

.3721 

. 6489 

.1510 

-1028 

. 9320 

. 0680 

4 

57 

. 2183 

. 7817 

.3706 

. 6524 

.1494 

.1029 

. 9332 

. 0668 

3 

58 

1 . 2209 

. 7791 

.3691 

. a560 

.1478 

.1031 

. 9345 

. 0655 

2 

59 

. 2235 

. 7764 

.8677 

. 6595 

.1461 

.1032 

. 9357 

. 0643 

1 

60 

. 2262 

. 7738 

.3662 

. 6631 

.1445 

.1034 

, 9369 

. 0631 

0 

m7 

Cosine. 

Vrs. sin. 

1 Secant. 

Cotang. 

Tang. 

CJosec'nt 

Vrs- COS- 

Sine- 
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M. 

Sine. 

Yra. cos. 

Coscc’nt 

Tang. 

j Cotang. 

Secant. 

Yrs- sin. 

Cosine. 

M. 

0 

.42262 

.57738 

2.3662 

.46631 

2.1445 

1.1034 

.09369 

.90631 

CO 

1 

. 22SS 

. 7712 

.3647 

. 6666 

.1429 

.1035 

. 9381 

. 0618 

59 

2 

. 2314 

, 7685 

.3632 

. 6702 

.1412 

.1037 

. 9394 

. 0606 

58 

S 

. 2341 

, 7659 

.3618 

. 6737 

-1396 

.1038 

. 9406 

. 0594 

57 

4 

. 2367 

. 7633 

.3603 

. 6772 

.1380 

.1040 

. 9418 

. 0581 

56 

5 

.42394 

.57606 

2.3588 

.46808 

2.1364 

1.1041 

.09431 

.90569 

55 

G 

. 2420 

. 7580 

.3574 

. 6843 

.1348 

.1043 

. 9443 

. 0557 

64 

7 

. 2446 

. 7554 

1 .3559 

. 6879 

.1331 

.1044 

. 9455 

. 0544 

53 

8 

. 2473 

. 7527 

i .3544 

. 6914 

.1315 

.1046 

- 9468 

. 0532 

52 

9 

. 2499 

. 7501 

1 .3530 

. 6950 

,1299 

.1047 

. 9-180 

. 0520 

51 

10 

.42525 

.67475 

1 2.3515 

.46985 

2.1283 

1.1049 

.09492 

.90507 

50 

11 

. 2552 

. 7448 

.3501 

. 7021 

.1267 

.1050 

, 9505 

. 0495 

49 

12 

* 2578 

. 7422 

.3486 

. 7056 

.1251 

.1052 

. 9517 

. 0483 

48 

IS 

. 2604 

. 7396 

.3472 

. 7092 

.1235 

-1053 

. 9530 

. 0470 

47 

14 

, 2630 

. 7369 

.3457 

. 7127 

.1219 

.1055 

. 9542 

. 0458 

46 

15 

.42657 

.57343 

2.3443 

.47163 

2.1203 

1.1056 

.09554 

.90445 

45 

16 

. 2683 

. 7317 

.3428 

. 7199 

.1187 

.1058 

. 9567 

. 0433 

44 

17 

. 2709 

. 7290 

.3414 

. 7234 

.1171 

.1059 

. 9579 

. 0421 

43 

18 

. 2736 

. 7264 

1 .3399 

. 7270 

.1155 

.1061 

. 9592 

. 0408 

42 

19 

. 2762 

. 7238 

.3385 

. 7305 

.1139 

,1062 

. 9604 

. 0396 

41 

20 

.42788 

.57212 

2.3371 

.47341 

2.1123 

1.1064 

.09617 

.90383 

40 

21 

. 2816 

. 7185 

‘ .3356 

. 7376 

.1107 

.1065 

. 9629 

. 0371 

39 

22 

- 2841 

. 7159 

.3342 

. 7412 

.1092 

.1067 

. 9641 

. 0358 

38 

2S 

. 2867 

. 7133 

.3328 

* 7448 

.1076 

.1068 

. 9654 

. 0346 

37 

24 

. 2893 

. 7106 

.3313 

. 7483 

.1060 

.1070 

. 9666 

. 0333 

36 

25 

.42920 

.57080 

2.3299 

.47519 

2.1044 

1.1072 

.09679 

.90321 

35 

26 

. 2946 

. 7054 

.3285 

. 7555 

.1028 

.1073 

. 9691 

. 0308 

34 

27 

. 2972 

. 7028 

.3271 

. 7590 

.1013 

.1075 

. 9704 

. 0296 

33 

28 

. 2998 

. 7001 

.3256 

. 7626 

.0997 

.1076 

. 9716 

. 0283 

32 

29 

. 8025 

. 6975 

.3242 

. 7662 

.0981 

.1078 

. 9729 

. 0271 

31 

30 

.43051 

.56949 

2.3228 

.47697 

2.0965 

1.1079 

.09741 

.90258 

30 

SI 

. 3077 

. 6*923 

.3214 

. 7733 

.0950 

.1081 

. 9754 

. 0246 

29 

82 

- 3104 

. 6896 

.3200 

. 7769 

.0934 

-1082 

. 9766 

. 0233 

28 

33 

. 3130 

. 6870 

.3186 

. 7805 

.0918 

.1084 

. 9779 

. 0221 

27 

34 

. 3156 

. 6844 

.3172 

. 7840 

.0903 

.1085 

. 9792 

. 0208 

26 

35 

.43182 

.56818 

2.3158 

.47876 

2.08S7 

1.1087 

.09804 

.90196 

25 

86 

. 3208 

. 6791 

,3143 

. 7012 

.0872 

.1088 

. 9817 

. 0183 

24 

87 

. 3235 

. 6765 

.3129 

. 7948 

.0856 ! 

.1000 

.' 9829 

. 0171 

23 

38 

. 3261 

. 6739. 

.3115 

. 7983 

.0840 

,1092 

. 9842 

. 0158 

22 

89 

. 3287 

. 6713 

.3101 

. 8019 

.0825 

.1093 

. 9854 

. 0145 

21 

40 

.43313 

.56686 

2.3087 

.48055 

2-0809 

1.1095 

.09867 

.90133 

20 

41 

. 3340 

. 6660 

.3073 

. 8091 

.0794 

.1096 

. 9880 

. 0120 

19 

42 

. 3366 

. 6634 

.3059 

. 8127 

.0778 

.1098 

. 9892 

. 0108 

18 

43 

. 3392 

. 6608 

.3046 

. 8102 

.0763 

.1099 

. 9905 

. 0095 

17 

44 

. 3418 

. 6582 

.3032 

. 8198 

.0747 

.1101 

, 9917 

. 0082 

16 

45 

.43444 

.56555 

2.3018 

.48234 

2,0732 

1.1102 

.09930 

.90070 

15 

46 

. 3471 

. 6529 

.3004 

- 8270 

-0717 

.1104 

. 9943 

. 0057 

14 

47 

. 3497 

. 6503 

.2990 

. 8306 

.0701 

.1106 

. 9955 

. 0044 

13 

48 

. 3523 

. 6477 

.2976 

. 8342 

.0686 

.1107 

. 9968 

. 0032 

12 

49 

. 3549 

. 6451 

.2962 

. 8378 

.0671 

.1109 

. 9981 

. 0019 

11 

50 

.43575 

.56424 

2.2949 

.48414 

2.0655 

1.1110 

.09993 

.90006 

10 

51 

. 3602 

. 6398 

.2935 

. 8449 

.0640 

.1112 

.10006 

.89994 

9 

52 

..3628 

. C372 

.2921 

. 8485 

.0625 

.1113 

. 0019 

. 9981 

8 

53 

. 3654 

- 6346 

.2907 

. 8521 

.0609 

.1115 

. 0031 

. 9968 

7 

54 

. 3680 

. 6320 

.2894 

. 8557 

.0594 

.1116 

. 0044 

. 9056 

6 

55 

.43706 

.56294 

2.2880 

-48593 

2.0579 

1.1118 

.10057 

.89943 

5 

66 

. 3732 

. 6267 

.2866 

. 8629 

.0564 

.1120 

. 0070 

. 9930 

4 

57 

. 3759 

. 6241 

.2853 

. 8665 

.0548 

, .1121 

. 0082 

. 9918 

3 

68 

. 3785 

. 6215 

.2839 

- 8701 

.0533 

.1123 

. 0095 

. 9905 

2 

69 

. 3811 

. 6189 

.2825 

. 8737 

.0518 

.1124 

. 0108 

. 9892 

1 

60 

. 3837 

. 6163 

.2812 

. S77S 

.0503 

.1126 

. 0121 

. 9879 

0 

m7 

Cosine. 

Vrs. dji. 

Secant. 

Cotang. 

Tar\g. 

Cosec’nt 

Yrs. coQ. 

Sine. 

M. 
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17 

■1 J 

. ll'S 1 

. .501 '■• 

.22.;;) 


/.■■351 : 

1 f.7 

, i.-nt'O 

. 98 i 1 

16 


. irono 


2.221.7 

.5i»iyl 

1.98 :o 

l.ilOS 

.|i'702 

.,-.)2,.>3 

. 15 

•10 

. 5(180 

. lOOl ■ 

.2:-:) 1 

. 01:1 

.‘.:*s_i.5 

.!2(0 

. »-715 

. 92--5 

J 1 

■17 

. 5002 

. -1«8S 

.2102 

. 0-177 

.OSIJ . 

.1 202 

. « 72.'' . 

9. '."‘2 

18 

-.iS 

. OOS-S 

. -liU2 ■ 

•>,■70 

. (;5i 1 

.'.)7.-7 . 


. 07 1! ■ 

I 925.3 

12 

■l‘J 

. 5111 



_ 0.5-50 


.i2C'r) 

. ';-..5i . 

. V'24.> 

:.i 

Z‘0 

■ .-151-10 

.5 I^O-.) 

2.2.' .58 

.,5-.)537 

i!£70,S 

1.12.'j 

.;i :-703 i 

..-92:32 

no 

51 

. 5 'i i'O 

. ■*■^81. 

.21 51 

. 0!;28 

.97-5 : 

.1203 

. i?73'! 1 

9219 

9 

52 

. .5101 

. -.SO'S 

.212.S 

. 0<») 

*97: ;9 

.]210 

. l.-7£i i 

! 9 -' -.Vi 

S 

58 

. 5217 

■ . -1752 

'.211.5 

. 007«n 

8J725 

.12i2 

0>'.f7 

. 9'.;).: 

7 

0-1 

. r>2i*> 

! -r;.5 > 

.2! (-8 

. 0188 

■ .0711 , 

, .12:;4 

. ''320 

. 9130 

6 


.15::;’.C 

.5118.) 

2.2000 

..5070D 

1.9007 

1.1215 



■ 5 

oO 


■ . -170.) 

2' ''77 

. OS'.:t> 

.iVjs;-; 

.12'. 7 

. 

. 91.58 

■ 4 

57 

. ,7821 

, . -107;) 

‘. 2 .v,r> 

. ( -1»> 

.90«VS ! 

' .1 2 ! .3 

. O-: ’ ) 

. I'LIO 

: 3 

5S 

5817 

. -iOo:! 

.2252 

. 0-70 

.V'*i).5-1 

: .1220 

. ■..-7:> 

. 1 

2 

■■><( 

. 5878 

. . ■1027 

.2080 

. . 0210 

.9■■l■0 

' . ] 222 

. s'..3m) 

. 9 .. 1 I. 

1 

60 

. 581)1) 

. -lOi.'l 

.2027 

■ . G052 


; !i22;i 

. 0399 

. 9 ■.01 

■ 0 

nvi.. 

Co^iMO. 

5'rj:. .-ilT). 

Sooaui. 

Cotaii«s, 

TaiiK- 

C(,'.-oc ■ ni 

5'rT-. Cl).-:. 

iJ’nv'. 
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NA.TURAL FUNCTIONS 


Table 3 


27*=* Natural Trigronometrical Functions. 152^ 


M. 

Sine. 

Yrs. cos. 

' Coscjc’nt 

Tang. 

! Cotang. 

Secant. 

Vrs. sin. 

Cosine. 

M. 

0 

.45399 

.54601 

2 

-50952 

1.9626 

1.1223 

.10899 

.89101 

60 

1 

. 5425 

. 4575 

.2C14 

. 0989 

.9612 

.1225 

• 0912 

. 9087 

59 

2 

. 5451 

. 4549 

.2002 

. 1026 

.9598 

.1226 

. 0926 

. 9074 

58 

3 

. 5477 

. 4523 

.1989 

. 1062 

.9584 

.1228 

, 0939 

. 9061 

57 

4 

. 5503 

. 4497 

.1977 

. 1099 

.9570 

.1230 

. 0952 

. 9048 

56 

5 

.45528 

.54471 

2.1964 

.51136 

1.9556 

1.1231 

.10965 

.89034 

55 

6 

. 5554 

. 4445 

.1952 

, 1172 

.9542 

.1233 

. 0979 

. 9021 

54 

7 

. 5580 

. 4420 

.1939 

. 1209 

.9528 

.1235 

. 0992 

. 9008 

53 

8 

. 5606 

, 4394 

.1927 

. 1246 

-9514 

.1237 

. 1005 

, 8995 

52 

9 

. 5632 

. 4368 

.1914 

- 1283 

.9500 

.1238 

. 1018 

. 8981 

51 

10 

,45658 

.54342 

2.1902 

-51319 

1.9486 

1.1240 

.11032 

-88968 

50 

11 

. 5684 

. 4316 

.1889 

. 1356 

.9472 

.1242 

. 1045 

. 8955 

49 

12 1 

. 5710 

. 4290 

.1877 

. 1393 

.9458 

.1243 

. 1058 

. 8942 

48 

13 

. 5736 

. 4264 

.1865 

. 1430 

.9444 

.1245 

. 1072 

. 8928 

47 

14 

, 5761 

. 4238 

.1852 

. 1466 

.9430 

.1247 

. 1085 

. 8915 

46 

15 i 

.45787 

.54213 

2-1840 

-51503 

1.9416 

1.1248 

.11098 

.88902 

45 

16 i 

. 5813 

. 4187 

-1828 

. 1540 

-9402 

.1250 

. 1112 

. 8888 

44 

17 

. 5839 

. 4161 

.1815 

. 1577 

-9388 

.1252 

. 1125 

. 8875 

43 

18 

. 5865 

. 4135 

.1803 

. 1614 

.9375 

.1253 

. 1138 

. 8862 

42 

19 

. 5891 

. 4109 

.1791 

. 1651 

.9361 

.1255 

. 1152 

. 8848 

41 

20 

.4.5917 

.54083 

2.1778 

.51687 

1.9347 

1.1257 

.11165 

.88835 

40 

21 

. 5942 

. 4057 

.1766 

. 1724 


.1258 

. 1178 

. 8822 

39 

22 

, 5968 

. 4032 

.1754 

. 1761 

.9319 

,1260 

. 1192 

. 8808 

38 

23 

. 5994 

. 4006 

.1742 ! 

. 1798 

-9306 

,1262 

. 1205 

. 8795 

37 

24 

. 6020 

. 3980 

.1730 

. 1835 

.9292 

.1264 

. 1218 

. 8781 

36 

25 

,46046 

-53954 

2.1717 

-51872 

1.9278 

1.1265 

.11232 

.88768 

36 

26 

. 6072 

. 3928 

.1705 

. 1909 

.9264 

.1267 

. 1245 

. 8755 

34 

27 

- 6097 

. 3902 

.1693 

. 1946 

.9251 

.1269 

. 1259 

. 8741 

33 

28 

. 6123 

. 3877 

.1681 

. 1983 

.9237 

.1270 

. 1272. 

. 8728 

32 

29 

. 6149 

. 3851 

.1669 

. 2020 

.9223 

.1272 

. 1285 

- 8714 

31 

30 

.46175 

-53825 

2.1657 

.52057 

1.9210 

1.1274 

.11299 

.88701 

30 

31 

. 6201 

. 3799 

.1645 

. 2094 

.9196 

.1275 

. 1312 

. 8688 

29 

32 

. 6226 

. 3773 

.1633 

' . 2131 

.9182 

.1277 

. 1326 

. 8674 

28 

33 

i . 6252 

. 3748 

.1620 

. 2168 

.9169 

.1279 

. 1339 

. 8661 

27 

34 

. 6278 

. 3722 

.1608 

: . 2205 

.9155 

.1281 

. 1353 

. 8647 

26 

35 

; .46304 

.63696 

2.1596 

.62242 

1.9142 

1.1282 

.11366 

.88634 

26 

36 

. 6330 

. 3670 

.1584 

. 2279 

.9128 

.1284 

. 1380 

. 8620 

24 

37 

. 6355 

. 3645 

-1572 

. 2316 

.9115 

.1286 

. 1393 

. 8607 

23 

38 

. 6381 

. 3619 

.1560 

. 2353 

.9101 

-1287 

. 1407 

8593 

22 

39 

. 6407 

. 3593 

.1548 

. 2390 

.9088 

.1289 

. 1420 

. 8580 

21 

40 

.46433 

.53567 

2.1536 

.52427 

1.9074 

1.1291 

.11434 

.88566 

20 

41 

, 6458 

. 3541 

.1525 

. 2464 

.9061 

.1293 

. 1447 

. 8553 

19 

42 

. 6484 

. 3516 

.1513 

. 2501 

,9047 

.1294 

. 1461 

. 8539 

18 

43 

. 6510 

. 3490 

.1501 

. 2538 

.9034 

.1296 

. 1474 

. 8526 

17 

44 

. 6536 

. 3464 

.1489 

. 2575 

.9020 

.1298 

. 1488 

. 8512 

16 

45 

-46561 

.53438 

2.1477 

-52612 

1.9007 

1.1299 

.11501 

.88499 

15 

46 

, 6587 

. 3413 

.1465 

. 2650 

.8993 

.1301 

. 1515 

. 8485 

14 

47 

. 6613 

. 3387 

.1453 

. 2687 

.8980 

.1303 

. 1528 

. 8472 

13 

48 

. 6639 

. 3361 

.1441 

. 2724 

.8967 

.1305 1 

. 1542 

. 8458 

12 

49 

, 6664 

. 3336 

.1430 

. 2761 

.8953 

.1306 

. 1555 

. 8444 

11 

50 

.46690 

.53310 

2.1418 

.52798 

1.8940 

1.1308 

.11569 

.88431 

10 

51 

, 6716 

, 3284 

.1406 

. 2836 

.8927 

.1310 

. 1583 

. 8417 

9 

52 

. 6741 

. 3258 

.1394 

. 2873 

.8913 

.1312 

. 1596 

. 8404 

8 

53 

- 6767 

. 3233 

,1382 

. 2910 

.8900 

.1313 

. 1610 

. 8390 

7 

54 

. 6793 

. 3207 

.1371 

. 2947 

.8887 

.1315 

. 1623 

. 8376 

6 

55 

.46819 

.53181 

2.1359 

.52984 

1.8873 

1.1317 

.11637 

,88363 

5 

56 

. 6844 

. 3156 

.1347 

. 3022 

.8860 

.1319 

. 1651 

. 8349 

4 

57 

. 6870 

- 3130 

-1335 

. 3059 

.8847 

.1320 

. 1664 

, 8336 

3 

58 

. 6896 

- 3104 

.1324 

. 3096 

.8834 

.1322 

. 1678 

. 8322 

2 

59 

. 6921 

- 8078 

.1312 

. 3134 

.8820 

.1324 

. 1691 

. 8308 

1 

60 

. 6947 

. 3053 

.1300 

. 3171 

.8807 

.1326 

- 1705 

. 8295 

0 


Cosine. 

Vrs. sin. 

Secant. 

0 

1 

Tang. 

Cosec ’nt | 

|Vrs. cos. 

Sine. 
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28° Natural Trigonometrical Functions. 151° 


M.| 

Sine. { 

Vrs. cos.l jCosec’ntj 

Tang, i ! Cotang. I 

Secant. | 

Vrs. sin.{ Cosine. | 

M. 

0 

.4'.‘0 17 

.5.v:)53 

2.7:10.» ■ 

.:"':i:7J 

1.8807 

1.!:4.26 

.i:7C5 

.■8-1295 ■■ 

0!) 




.1-.1.80 

. :42-9.:s 

.8791 

.l:j-27 

. TV.-:) 

. .->1. 

r>9 

*> . 


. 

,1 *77 

. 32:5 

.8781 


. 17.:2 

. 826/ 


3 

. Tv;21 

. 22“'.) 

.12.'-) 

. 32S3 

.8768 

.1331 

. "7:6 

. 825 5 

iVT 

4 

. 70" 0 

. 2:vij 

.12-51 

. :4 J20 

.875 1 

.1:433 

. 1'. ■)'.) 

. ^2i0 

r>6 

5 

.■17' -75 

.5202 i. 

2. '.212 

.r>.v.-4.-)8 

1.8.741 


.n77-i- 


00 

<i 

. 71 

. 2-59 

-■!2..L 

. 3395 


.13:4') 

. 17.-7 


51 

7 

. 1 *27 

. 2:- 73 


. 3!.42 

.87''.5 

.i:43> . 

. :-ji 

. 81 ■.)':) 

5:1 

s 

. 7152 

. 2S '■ 7 

.I2:j6 

. I 1 j 

.87.7.2 

.l:>40 ' 

. 1815 

. M^5 

52 

<i 

7178 

. :'..S.i2 

."! 

. :v)J7 

.8 \-9 

.1:411 1 

- I.- JS 

. .-171 

.=>1 


. ■.72'.)-i 

.■t'70'' 

2..'i 1 -.5 

.53 >15 


l.-i:i::i ■ 

.71^42 

..-SI; .*8 

51 

11 

. 72. '0 


. L ! 73 

. 3">2 

.h'HV4 


. 1.^56 

. :iliL 

49 

111 

. 72-".-) 

. 27 ; 5 

■1 

. 3019 

.r05.> 

.1317 

. 1-70 


43 

Hi 

. 72>1 

. 27:9 

.1 ;.v3 

. :'ii57 

.8s>:47 

.13 49 

. 1S')3 

. ^Lj7 

47 

2\ 

. 7r>06 

. 2, .94 


1 

.-8621 

.13.>2 

. i.-.y7 

. >i0:i 

■16 

1.“) 

.■;7"332 

.•“■.'.■.‘r.'ft 

2.; -27 

.-7)')T32 

1 .m:i 1 

l.i3')2 


*8SC■^9 

4") 

16 

. 7:-;o7 

2'5 ‘■2. 

. 1 t -U 

. 376‘.* 

.>i5'.*8 


. 1925 

- vSC'T:') 

Jl 

IV 

. 73.-3 

. 2* 117 

.L::.L 

. 3-'«:'7 

-858."> 


. 

. 8001 

Vi 


. Tli'O 

. 259L 

. I' .;.'',' 

. ‘o.'^ll 

.8.572 

.l.'4.')7 

. 1952 

. 81'-5S 

12 


. ". ; i i 

. 27v‘5 

. I.J-2 


.85.-.0 

.1.). i5 


. 8031 

:i 

20 

. :7:'‘.-) 

.■1.1.") 10 

2.1:70 

.•) :oj.4> 

1..8->:6 

1. (361 

..l.'PSO 

.i8-j20 

:o 

21 

. 7-;>-.'i 

. ■2->i 1 


. 39-57 

.'•.5; 43 

.1363 

. IP'.M 

- .-..*56 

::i-) 

22 

. 75" 1 

_ "'l.-O 

.I'-iS 

. 3995 

..-•520 

.73':5 

. 2. .'07 

. 7.)'.i-2 

;iS 

23 

. 7-52>7 

. 2:.-8 

a:'.o 

.2 


. I3t40» 

. •_.,,21. 

. 7979 

:u 

21 

. 7.-''>2 

. 2 'i37 

.H22r» 

lO*,.) 

.8 I9.‘> 

.1308 

- f.>'> 

. 7965 

.56 

2.'S 

. ! 7.'''.k< 

.■■>2-ll2 

At 1 « 

..51L(:7 

3. .-182 

1 . 

.12.) 19 

.-79.'ii 

.3.5 

2'} 

. 7.-. 13 

. 238 4 

.1. 02 

. 11 

..-4 ■’■.9 

_ 4372 

. 258:1 

. 7V':)7 


O” 

. 

. 2:v'!. 

.0901 


.8J-5(> 

.1373 

. •'‘(i77 

. 7i;2;*> 

33 

2,S 

. I'.l''-”) 

. 2:4:-;;> 

.('i— 0 


144 

..1375 

. 200-1 

. 7i'09 

.52 

2i? 

. 7;il)0 

. 23i-5 

.00' *9 


.8130 

.1377 

. 21.01 

. 7»'95 

:31 

80 

.-17716 

.r>22?- 1 

2.1 ...V'T 

.54205 

1.M18 

j.I3”9 

.12J78 

.S7'v''.82 

30 

ni 

. .'"i' n 


.00?') 


*-w5 

.13,-1. 

. 2l:V2 


29 

32 

. 77'. '-7 

. 22:'‘''i 


. .i .'.Tl 

.82.92 

, .1:4-2 

. 21 31 

. 78-51 


3:.! 

77 '.'2 

22' '7 

.C.-J-t 

. -1 ! :i* 

.8379 

.i:jsi 

. 210'.) 1 

; . 7S40 

27 

31 

. 

. 21.82 

.0212 

. -J -l-i6 

.830*7 

.7 ;'■-(> 

2 ! 7-1 

. 7 -26 

2i> 

35 

.47 < : 1 

.52'! .■■»■; 

2.i 

.,■>•1 5 8 t 

1..-. ■.•>•. 

l.V.)-S 


: -87.-12 

2.> 

3(; 

. 7s;o 

. 2 LOT 


■ . -1-5 12 

.8:44 ! 

.i;4;'0 


. V7l!'3 

24 

37 

- 7.-or> 

. 211'.) 

.ii.-79 

. -i .'):)',.' 


.1391 

! 221'i 

. . 7781 

2:3 

3S 

. 70.i-J 

. 2 >80 


. -•1.597 

.831'*. 

.i;-V'3 

. 22.29 

• 

‘>2 

3'.' 

. 75'l('i 

. i 

.•..S.">7 

. -1'’35 

-SX'i 

.HiOo 

. 22-i:> 

. . 77-56 

21 

-SO 

.17071 

■ .:52 V'.) 


.•54'.)-/ 3 

1.8291. 

l.L:i97 

.122 >j 

.877 ;■> , 

, 2'9 

41 

. 70'. '7 

. 20^.1 

.(•-35 

. -1711 

.^27? 


. 2-271 

■ . 7728 

. 10 

*12 

.-■■■22 

. 1978 

.1:82 4 

-'■fT48 

.8'2*'.5 

.1 

. 2 -J5 5 

. . 7715 

18 

•13 

. 801-8 

= . 10.“.2 


47,-'-3 

.82-'?:i 

.1 :''-2 

. 2299 

. 7701 

■ 17 

41 

. . 80714 

■ . 1027 

.ri>i.'l 

. -1821 

.8211 

.i.;oi 

. 23': ;i 

. . ^ior 

. 1 6 

45 1 

.■1-009 

! .M'.'i'l 

2.r7’..0 

.54802 

1.8227 

1.14'.*6 

.12: 5-27 

■ .4-767:3 

■ 15 

46 

. S'! 21 

; . L876 

.0779 

. 49C-:) 

.821.5 

.1408 

. 23 M 

' . 7050 

11 

47 1 

1 . 8L50 

1 . ■1.8.50 

.('7t‘..S 

. 4 9; 47 

.8202 

.IJIO 

. 2;:->) 

■ . 76 i-5 

■ 1:5 

■IS 

. 8J.75 

: . 1.-25 

-07.'/ 

, . 4975 

1 .8.1 <:■■') 

■ .i;n 

. 2::ii9 

; . 7631 

1 -2 

40 

. 8201 

1 . ]7'.'9 

.07 16 

. . .5'.,'1:5 

1 .81-. 7 

.1:1.3 

. 2:V3 

: . 76j f ; 

: JL1. 

50 

.JviJ'j 

! .51774 

2.0725 i 

i .5-1051 . 

i.si!;5 

1.1 41 .5 

.12397 

: .876013 . 

10 

51 

■ ^“2= 

* . L7;.8 

.072-5 

. 5089 

' .8152 ■ 

' .1-117 

. 2 111 

- 7588 i 

i 0 

5> 

53 

54 

! I 8303 
. 8328 

. 172.? 
a 1697 
. 1672 

.0711 

.0703 

. -5127 
5165 

-81 M 
8127 

.1419 

14*’l 

. 2-12.5 
2439 

. *0/4 
. 7560 
. 7546 

s 

7 

!o692 

! 5203 

18115 

.1422 

. 2453 

6 

65 

.48354 

.51646 

2.0681 

.55241 

1.8102 

1.1424 

.12468 

.87532 

5 

56 

. 8379 

. 1621 

.0670 

. 5279 

.8090 

.1426 

. 2482 

. 7618 

4 

57 

. 8405 

. 1595 

.0659 

a 5317 

.8078 

.1428 

. 2496 

. 7504 

3 

58 

. 8430 

. 1570 

.0648 

, 5355 

.8065 

.1430 

. 2510 

. 7490 

2 

59 

60 

8456 

. 1544 
. 1519 

.0637 

.0627 

. 5393 
. 5431 

.8053 

.1432 

. 2524 

. 7476 

1 

* S4S1 

.8040 

.1433 

. 2538 

. 7462 

0 







m7 

Cosine. 

Vrs. sin. 

Secant, i 

Ootang. 

Tang. 

Cosec ’nt 

Tits. cos. 

Sine. 

mI 
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NATURAL FUNCTIONS 

Natural Trigonometrical Functions. 

Table 3 

150^ 

>T. ' 

81 ■ « . 

Vis. i-.)--. 

'r< 

' T.:-; r. 


* Pr-i'.Ti't. * 

’Vyc. Kin. 

' Co=ino. 

' 31 . 

() 



-8'7 

.;;5!8I 

i..- J 

1 .-! 18:5 

.i25.;s 

.87 162 

(>!) 

1 


. ■ ■.‘■■.i 


. -■>;■ V* 

r-- 

. 1 

. 2.". 

. 711.- 

59 





. . ■■■ 0 . J 

.-2 .•:■.> 

.“ •!:'-7 

. 2 ''‘ -.i 

. 7-1. i-l 

5.8 

X 


. : v.) 


: . 5515 

. 8 -.' J 

. 1 1 .’.O 

. 28-.) 

. 7 -120 

57 


, 



. 85^8 

.725-'! 

. I -i : 1 . 

. 'j-iO 1 
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30° Natural Trigonometrical Functions. i49° 


M. 

Sine. 

Vys. coe.j 

Cosec’nt 

Tang. 

Cotang, i 

1 Secant. 

Vrs. Bin. 

Cosine. 

M. 

0 

.50000 

.50000 

2.0000 

.57735 

1.7320 

1.1547 

.13397 

.86002 

60 

1 

. 0025 

.49975 

1.9990 

, 7774 

.7309 

.1549 

. 3412 

. 65S8 

59 

2 

. 0050 

. 9950 

-9980 

. 7813 

.7297 1 

-1551 

, 3426 

. 6573 

58 

3 

. 0075 

. 9924 

-9970 

. 7851 

.7286 

.1553 

. 3441 

. 6559 

57 

4 

. 0101 

. 9899 

.9960 

. 7890 

.7274 

-1555 

. 3456 

. 6544 

56 

5 

.50126 

.49874 

1.9950 

.57929 

1.7262 

1.1557 

.13470 

.86530 

55 

6 

, . 0151 

. 9849 

.9940 

. 7968 

.7251 

.1559 

. 3485 

. 6515 

54 

7 

: . 0176 

. 9824 

.9930 

- 8007 

.7239 ; 

.1561 

. 3499 

. 6500 

53 

8 

1 . 0201 

. 9799 

.9920 

. 8046 

.7228 

.1562 

. 3514 

. 6486 

62 

9 

. 0226 

o 9773 

.9910 

. 8085 

.7216 

-1564 

. 3529 

. 6471 

51 

10 

1 .50252 

.49748 

1.9900 

,58123 

1.7205 

1.1566 

.13543 

.86457 

50 

11 

1 . 0277 

. 9723 

.9890 

, 8162 

.7193 ; 

.1568 

. 3558 

. 6442 

49 

12 

i . 0302 

. 9698 

.9880 

. 8201 

.7182 i 

.1570 

. 3572 

. 6427 

48 

13 

' . 0327 

, 9673 

.9870 

. 8240 

.7170 

.1572 

. 3587 

. 6413 

47 

14 

. 0352 

. 9648 

.9860 

. 8279 

.7159 

.1574 

. 3602 

. 6398 

46 

15 

.50377 

.49623 

1.9850 

.58318 

1.7147 

1.1576 

.13616 

.86383 

45 

16 

. 0402 

. 9597 

.9840 

. 8357 

.7136 1 

.1578 

. 8631 

. 6369 

44 

17 

- 0428 

. 9672 

.9830 

, 8396 

.7124 

.1580 

. 3646 

. 6354 

43 

18 

. 0453 

. 9547 

.9820 

8435 

.7113 

.1682 

. 3660 

. 633C 

42 

19 

. 0478 

. 9522 

.9811 

. 8474 

.7101 

.1584 

. 3675 

. €325 

41 

20 

.50503 

.49497 

1.9801 

.58513 

1.7090 

1.1586 

-13690 

.86310 

40 

21 

. 0528 

. 0472 

.9791 

. 8552 

.7079 

.1588 

. 3704 

, 6295 

39 

22 

. 0653 

, 9447 

.9781 

. 8591 

.7067 

.1590 

- 3719 

. 6281 

38 

23 

. 0578 

. 9422 

.9771 

. 8630 

.7056 

.1592 

. 3734 

, 6266 

37 

24 

e 0603 

. 9397 

.9761 

. 8670 

.7044 

.1594 

. 3749 

. 6251 

86 

25 

.50628 

.49371 

1.9752 

.58709 

1.7033 

1.1596 

.13763 

.86237 

35 

26 

. 0653 

. 9346 

.9742 

. 8748 

.7022 

.1598 

. 3778 

. 6222 

34 

27 

. 0679 

. 9321 

.9732 

. 8787 

.7010 

.1600 

. 3793 

. 6207 

33 

28 

. 0704 

. 9296 

.9722 

. 8826 

.6999 

.1602 

. 3807 

' . 6192 

82 

29 

. 0729 

. 9271 

.9713 

. 8865 

.6988 

.1604 

. 3822 

! . 6178 

31 

80 

,50754 

.49246 

1.9703 

,58904 

1.6977 

1.1606 

.13837 

1 .86163 

30 

31 

. 0779 

. 9221 

.9693 

. 8944 

.6965 

.1608 

. 3852 

1 . 6148 

29 

82 

. 0804 

. 0196 

.9683 

. 8983 

.6954 

.1610 

. 8867 

. 6183 

28 

S3 

. 0829 

. 9171 

,9674 

. 9022 

.6943 

.1612 

. 3881 

. 6118 

27 

34 

. 0854 

. 9146 

.9664 

. 9061 

.6931 

.1614 

. 3896 

. 6104 

26 

85 

.50879 

,49121 

1.9654 

.5r LOO 

1.6920 

1.1616 

.13911 

1 .86089 

25 

36 

. 0904 

. 9096 

.9645 

. bl40 

.6909 

.1618 

. 3926 

1 . 6074 

24 

37 

. 0929 

. 9071 

.9635 

. 9179 

.6898 

.1620 

. 3941 

. 6059 

23 

88 

. 0954 

• 904C 

,9625 

, 9218 

.6887 

.1622 

. 3955 

. 6044 

22 

39 

. 0979 

1 , 9021 

.9610 

. 9258 

,C875 

.1024 

, 3970 

. 6030 

21 

40 

.51004 

.48996 

1-9C06 

! .59297 

1-6864 

1.1G26 

.13985 

.86015 

20 

41 

. 1029 

. 8971 

.9590 

i . 9336 

,6853 

.1623 

. 4000 

. 6000 

19 

42 

. 1054 

. 0946 

.9587 

. 9376 

.6842 

.1630 

. 4015 

. 5985 

18 

43 

. 1079 

. 3921 

.9577 

. 9415 

.6831 

.1632 

. 4030 

. 5970 

17 

44 

: . 1104 

. 8896 

.9568 

. 9454 

.0820 

.1634 

. 4044 

. 6955 

16 

45 

1 -51129 

.48871 

1.9558 

.59494 

1.6808 

1.1636 

.14059 

.85941 

15 

46 

1 . 1154 

. 8846 

,9549 

, 9503 

.0707 

.1638 

. 4074 

. 5926 

14 

47 

' . 1179 

. 8821 

.9539 

a 9572 

.6786 

.1640 

. 4089 

. 5911 

13 

48 

; . 1204 

. 8796 

,9530 

. 9612 

.6775 

.1642 

. 4104 

. 5896 

12 

49 

. 1229 

. 8771 

,9520 

, 9651 

.0764 

.1644 

. 4119 

. 6881 

11 

50 

.51254 

! .48746 

1.95ia 

.59691 

1.G753 

1.1646 

.14134 

.85866 

10 

51 

. 1279 

. 8721 

.9501 

. 9730 

.0742 

,1648 

. 4149 

. 5851 

9 

52 

. 1304 

. 8696 

,9491 

. 9770 

.6731 

.1650 

. 4164 

. 5836 

8 

63 

. 1329 

- 8671 ■ 

.9482 

. 9809 

.6720 

.1652 

. 4178 

. 5821 

7 

54 

. 1354 

. 8646 

.9473 

. 9849 

.6709 

.1654 

. 4193 

. 6806 

6 

55 

.51379 

.48621 

1.9463 

.59888 

1.6698 

1.1656 

.14208 

.85791 1 

5 

56 ' 

. 1404 

. 8596 

.9454 

. 9928 

.6687 

.1658 

. 4223 

. 5777 

4 

57 

. 1429 

. 8571 

.9444 

. 9967 

.6676 

.1660 

. 4238 

. 5762 

3 

58 1 

. 1454 

. 8546 

.9435 

.60007 

.6665 

.1662 

. 4253 

. 5747 , 

2 

59 

. 1479 

. 8521 

.9425 

. 0046 

.6654 

.1664 

. 4-268 

. 5732 

1 

6 ^! 

. 1504 

. 8496 

.9416 

. 0086 

.6643 

.1666 

. 4283 

. 5717 

0 


Cosine- 

Trs- sin. 

Secant. 

Co tang. 

Tang. 

Oosec’nt 

Vrs. cos. 

Sine. 

mT 
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Table 3 


31° Natural Trigronometrical Functions. 14S° 


M. 

Sine, 

Vrs. cos.l 

Cosecant 

; Tang- 

Cotang. 

Secant. 

! Trs. sin. 

. Cosine. 

K. 

0 

-51504 

.43496 

1.9416 

.60086 

1.0643 

1.1CG6 

.14283 

.85717 

60 

1 

. 1529 

. 8471 

.9407 

. 0126 

.6602 

.3668 

. 4298 

. 5702 

59 

2 

. 1554 

. 8446 

.9397 

. 0165 

.6621 

.1670 

. 4313 

. 5687 

58 

3 

. 1578 

. 8421 

.9388 

. 0205 

-6610 

,1672 

. 4328 

. 5672 

57 

4 

. 1603 

. 8396 

.9378 

. 0244 i 

.6599 

.1674 

. 4343 

. 5657 

56 

5 

-51628 

.48371 

1.9369 

-60284 1 

1.6588 

1.1676 

.14358 

.85642 

55 

6 

. 1653 

. 8347 

.9360 

. 0324 

-6577 

.1678 

. 4373 

. 5627 

64 

7 

. 1678 

. 8322 

.9350 

. 0363 i 

.6566 

.1681 

. 4388 

. 5612 

53 

S 

. 1703 

. 8297 

.9341 

. 0403 i 

.6555 

.1683 

- 4403 

. 5597 

52 

9 

. 1728 

. 8272 

.9332 

. 0443 I 

-6544 

.1685 

. 4418 

. 5582 

51 

10 

-51753 

.48247 

1.9322 

.60483 

1.6534 

1.1G87 

.14433 

.85566 

50 

11 

. 1778 

82°2 

.9313 

. 0522 

.6523 

.1689 

, 4448 

. 5551 

49 

12 

. 1803 

. 8197 

.9304 

. 0562 

.6512 

.1601 

. 4463 

. 5536 

48 

13 

. 1827 

. 8172 

.9295 

. 0602 

.6501 

.1693 

. 4479 

. 5521 

47 

14 

. 1852 

. 8147 

.9235 

- 0642 

.6490 

.1695 

. 4494 

- 5506 

46 

15 

.51877 

.48123 

1.9276 

-60681 

1.6479 

1.1697 

.14509 

.85491 

45 

16 

. 1902 

. 8098 

,9267 

. 0721 

.6469 

.1699 

. 4524 

. 5476 

44 

17 

. 1927 

, 8073 

.9258 

. 0761 

.6458 

.1701 

. 4539 

. 5461 

43 

18 

. 1952 

, 8048 

.9248 

. 0801 

.6447 

.1703 

. 4554 

. 6446 

42 

19 

. 1977 

- 8023 

.9239 

. 0841 

.6436 

.1705 

. 4569 

. 6431 

41 

20 

.52002 

.47998 

1.9230 

.60881 

1.6425 

1.1707 

.14584 

.85416 

40 

21 

. 2026 

- 7973 

.9221 

. 0920 

.6415 

.1709 

, 4599 

. 5400 

39 

22 

- 2051 

. 7949 

.9212 

. 0960 

.6404 

.1712 

. 4615 

. 5385 

38 

23 

. 2076 

. 7924 

.9203 

. 1000 

.6393 

.1714 

. 4630 

. 5370 

37 

24 

. 2101 

. 7899 

.9193 

. 1040 

.6383 

.1716 

. 4645 

. 6355 

36 

25 

.52126 

.47874 

1.9184 

.61080 

1.6372 

1.1718 

.14660 

.85340 

35 

26 

. 2151 

. 7849 

.9175 

. 1120 

.6361 

.1720 

. 4675 

. 6325 

34 

27 

- 2175 ' 

. 7824 

.9166 

. 1160 

.6350 

.1722 

. 4690 

. 5309 

33 

28 

. 2200 1 

. 7800 

.9157 

. 1200 

.6340 

,1724 

. 4706 

. 5294 

32 

29 

- 2225 1 

. 7775 

.9148 

. 1240 

.6329 

.1726 

. 4721 

. 6279 

31 

30 

.51250 

.47750 

1.9139 

.61280 

1.6318 

1.1728 

.14736 

.85264 

30 

31 

. 2275 

. 7725 

.9130 

1320 

.6308 

.1730 

. 4751 

. 5249 

29 

32 

. 2299 

. 7700 

.9121 

. 1360 

,6297 

.1732 

. 4766 

. 6234 

28 

33 

. 2324 

. 7676 

,9112 

. 1400 

.6286 

1 .1734 

. 4782 

. 5218 

27 

34 

. 2349 

- 7651 

.9102 

. 1440 

.6276 

; .1737 

- 4797 

. 5203 

26 

35 

.52374 

.47626 

1.9093 

,61480 

1.6265 

1.1739 

.14812 

.85188 

25 

36 

. 2398 

, 7601 

,9084 

. 1520 

.6255 

1 .1741 

. 4827 

. 5173 

24 

37 ! 

. 2423 

. 7577 

,9075 

. 1560 

.6244 

.1743 

. 4842 

. 5157 

23 

38 

. 2448 

. 7552 

.9066 

. 1601 

.6233 

I .1745 

. 48.58 

. 5142 

22 

39 

. 2473 

- 7527 

.9057 

1 . IGll 

.6223 

.1747 

. 4873 

. 5127 

21 

40 

.52498 

.47502 

1.9048 

; .61681 

1.6212 

1.1749 

.14888 

.85112 

20 

41 

. 2522 

. 7477 

-9039 

. 1721 

.6202 

.1751 

. 4904 

. 5096 

19 

42 

. 2547 

. 7453 

.9030 

. 1761 

.6191 

.1753 

. 4919 

. 6081 

18 

43 

i . 2572 

. 7428 

.9021 

- 1801 

.6181 

-1756 

. 4934 

. 5066 

17 

44 

. 2597 

, 7403 

.9013 

. 1842 

.6170 

.1758 

. 4949 

. 5050 

16 

45 

.52621 

.47379 

1.9004 

.61882 

1.6160 

1.1760 

.14965 

,85035 

15 

46 

. 2646 

. 7354 

.8995 

. 1922 

.6149 

.1762 

. 4980 

. 5020 

14 

47 

. 267L 

. 7329 

.8986 

. 1962 

,6139 

.1764 

. 4995 

. 5004 

13 

48 

. 2695 

. 7304 

-8977 

. 2004 

.6128 

.1766 

. 5011 

. 4989 

12 

49 

. 2720 

. 7280 

.8968 

. 2C43 

.6118 

.1768 

. 6026 

. 4974 

11 

50 

.52745 

.47256 

1.8959 

.62083 i 

1.6107 

1.1770 

.15041 

.84959 

10 

51 

. 2770 

. 7230 

,8950 

. 2123 

,6097 

.1772 

. 5057 

. 4943 

9 

52 

. 2794 

. 7205 

.8941 

. 2164 

.6086 

.1775 

. 5072 

. 4928 

8 

53 

. 2819 

- 7181 

.8932 

. 2204 

-6076 

.1777 

. 5087 

. 4912 

7 

54 

. 2844 

. 7156 

.8924 

. 2244 

-6066 

.1779 

. 5103 

. 4897 

6 

55 

.52868 

.47131 

1.8915 

.62285 

1.6055 

1.17S1 

.15118 

.84882 

5 

56 

. 2893 

. 7107 

.8906 

. 2325 

-6045 

.1783 

. 5133 

. 4866 

4 

57 

. 2918 

- 7082 

.8897 

. 2.3G6 

-6034 

.1785 

. 6149 

. 4851 

3 

58 

. 2942 

, 7057 

.8888 

. 2406 

.6024 

.1787 

. 5164 

. 4836 

2 

59 

. 2967 

. 7033 

.8879 

- 2116 

.6014 

.1790 

. 6180 

. 4820 

1 

60 

. 2992 

. 7008 

-8871 

. 2487 

.6003 

.1792 

5195 

. 4805 

0 

m7 

Cosine. 

Vrs. sin. 

Secant. 

Cotang. 

Tang. 

Oosec’nt | 

Vrs. cos. 

Sine. 

]VI. 
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32° Natural Trigonometrical Functions* 147° 


M. 

Sine. 

Vrs. cos. 

Oosec’nt 

Tans- 

1 Co tang. 

Secant. | 

'"Vrs. sin. 

Cosine. 

M. 

0 

.52992 

.47008 

1.8871 

.62487 

1.6003 

1.1792 

.15195 

.84805 

60 

1 

. 3016 

. 6983 

.8862 

. 2527 

.5993 

.1794 

. 5211 

. 4789 

59 

2 

. 3041 

. 6959 

.8853 

. 2568 

.5983 

.1796 

. 5226 

. 4774 

58 

S 

. 3066 

. 6934 

.8844 

- 2608 

.5972 1 

.1798 

. 5241 

. 4758 

57 

4 

. 3090 

1 . 6909 

,8836 

. 2649 

.5962 ! 

.1800 

. 5257 

. 4743 

56 

5 

.53115 

i .46885 

1.C327 

.62689 

1.5952 

1.1802 

.15272 

.84728 

55 

6 

. 3140 

, 6S60 

.8318 

. 2730 

-5941 i 

.1805 

. 5288 

. 4712 

54 

7 

. 3164 

I . 6835 

.8809 

. 2770 

.5931 

.1807 

. 6303 

. 4697 

53 

8 

* 3189 

. 6811 

.8801 

. 2811 

.5921 

.1809 

. 5319 

. 4681 ! 

52 

9 

. 3214 

. 6786 

.8792 

. 2S51 

.5910 

.1811 

. 5334 

. 4666 

51 

10 

.53238 

.46762 

1.8783 

.62892 

1.5900 

1.1813 

.15350 

.84650 

50 

11 

. 3263 

. 6737 

.8775 

. 2933 

.5890 

.1815 

- 53G5 

. 4635 

49 

12 

. 3288 

. 6712 

.8766 

. 2973 

-5880 

.1818 

. 6381 

. 4619 

48 

13 

. 3312 

. 6688 

.8757 

. 3014 

.5869 

.1820 

. 5396 

. 4604 

47 

14 

. 3337 

. 6663 

.8749 

. 3055 

.5859 

,1822 

. 5412 

. 4588 

46 

15 

.53361 

.46638 

1.8740 

-63095 

1.5849 

1.1824 

.15427 

.84573 

1 45 

16 

. 3386 

. 6614 

.8731 

. 3136 

-5839 ! 

.1826 

. 5443 

- 4557 

44 

17 

. 3411 

. 6589 

.8723 

, 3177 

.5829 j 

.1828 

. 5458 

. 4542 

43 

18 

. 3435 

. 6565 

.8714 

. 3217 

.5818 

.1831 

. 5474 

. 4526 

42 

19 

. 3460 

. 6540 

.8706 

. 3258 

.5808 

.1833 

. 5489 

. 4511 

41 

20 

.53484 

.46516 

1.8697 

.63299 

1.5798 

1-1835 

.15505 

.84495 

40 

21 

. 3509 

. 6491 

.8688 

. 3339 

.5788 

.1837 

, 5520 

- 4479 

39 

22 

. 3533 

. 6466 

.8680 

. 3380 

.5778 i 

-1839 

. 5536 

. 4464 

38 

23 

. 3558 

. 6442 

.8671 

1 . 3421 

.5768 , 

.1841 

. 5562 

. 4448 

37 

24 

. 3583 

. 6417 

.8663 

1 . 3462 

.5757 

.1844 

. 5567 

i . 4433 

36 

25 

.53607 

.46393 

1.8054 

.63503 

1,5747 

1.1846 

.15583 

.84417 

35 

26 

. 3632 

. 63GS 

.8646 

. 3543 

.5737 1 

.1848 

. 5598 

. 4402 

84 

27 

. 3656 

. 6344 

.8637 

. 3584 

.5727 

.1850 

. 5614 

. 4386 

S3 

28 

. 3681 

. 6319 

.8629 

. 3625 

.6717 

.1852 

. 5630 

. 4370 

32 

29 

. 3705 

. 6294 

.8620 

. 3666 

.6707 

.1855 

. 5645 

. 4355 

31 

30 

.53730 

-46270 

1.8611 

-63707 

1.6697 

1.1S57 

.15661 

.84339 

30 

31 

. 3754 

. 6245 

.8603 

. 3748 

.6687 

.1859 

. 5676 

. 4323 

29 

82 

. 3779 

. 6221 

,8595 

. 3789 

.5677 

.1801 

. 5692 

. 4308 

28 

33 

. 3803 

- 6196 

-8586 

. 3830 

.5667 

.1863 

. 5708 

. 4292 

27 

34 

. 3828 ' 

. 6172 

.8578 

. 3871 

.5657 

.1866 

. 5723 

. 4276 

26 

35 

.53852 ' 

.46147 

1.8569 

.63912 

1.5646 

1 1.1S6S 

-15739 

-84261 

25 

36 

- 3877 

. 6123 

.8561 

. 3953 

.5636 

.1870 

- 5755 

. 4245 

24 

87 

. 3901 

. 6098 

.8552 

. 3094 

.5626 

.1872 

. 5770 

. 4229 

23 

38 

. 3926 

. 6074 

.8544 

. 4035 

.5616 

i .1874 

. 5786 

. 4214 

22 

39 

. 3950 

. 6049 

-8535 

. 4076 

.5606 

.1877 

. 5802 

. 4198 

21 

40 ! 

.53975 

.46025 

1.8527 

.64117 

1.5596 

1.1879 

.15817 

.84182 

20 

41 

. 3999 1 

. 6000 

-8519 

. 4158 

.5586 

.1881 

, 5833 

. 4167 

19 

42 

. 4024 i 

, 5976 

.8510 

! . 4199 

.5577 

.1883 

. 6849 

. 4151 

18 

43 

- 4048 

. 5951 

.8502 

. 4240 

.5567 

.1886 

. 5865 

. 4135 

17 

44 

. 4073 

, 5927 

.8493 

. 4281 

.5557 

-1888 

. 5880 

. 4120 

16 

45 

.54097 i 

.45902 

1.8485 

.64322 

1-5547 

1.1890 

.15896 

.84104 

15 

46 

. 4122 

. 5878 

.8477 

. 4363 

.5537 

.1892 

. 5912 

. 4088 

14 

47 

. 4146 

. 5854 

.8468 

1 . 4404 

.5527 

.1894 

. 5927 

. 4072 

13 

48 

. 4171 

. 5829 

,S4G0 

. 4446 

,5517 

.1897 

. 5943 

. 4057 

12 

49 

. 4195 

. 5805 

.8452 

. 4487 

.5507 

.1899 

. 5959 

. 4041 

11 

50 

.54220 

.45780 

1.8443 

.64328 

1.5497 

1.1901 

.15975 

.84025 

10 

51 

. 4244 

. 5756 

.8435 

. 4569 

.5487 

.1903 

. 5991 

. 4009 

9 

52 

. 4268 

. 5731 

.8427 

. 4610 

.5477 

.1906 

. 6006 

. 3993 

8 

53 

. 4293 ■ 

. 5707 

.8418 

. 4652 

.5467 

.1908 

. 6022 

. 3978 

7 

54 

. 4317 

. 5682 

.8410 

. 4693 

,5458 

.1910 

. 6038 

. 3962 

6 

65 

.54342 

.45658 

1.8402 

.64734 

1.544S 

1.1912 

.16054 i 

-83946 

5 

56 

. 4366 

. 5634 

.8394 

. 4775 

.5438 

.1915 

. 6070 

, 3930 

4 

57 

. 4391 

. 5609 

.8385 

- 4817 

.5428 

.1917 

. 6085 

. 3914 

3 

53 

. 4415 

. 5585 

.8377 1 

. 4858 

.5418 

.1919 

. 6101 

. 3899 

2 

59 

. 4439 

. 5560 

.8369 ! 

. 4899 

.5408 

.1921 

. 6117 

- 3883 

1 

60 

. 4464 

. 5536 

.8361 

. 4941 

.5399 

.1922 

. 6133 

. 3867 

0 

M. 

Cosine. 

Vrs. edn. 

Secant. 

Cotang. 

Tang- 

Ooaec’nt 

"Vrs. cos. 

Sine. 

M, 
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33° Natural Trigonometrical Functions. 146° 

M. Sine. Vrs. cos. Cosec’nt Tang. Cotang. Secant. Yrs. sin. Cosine. M. 

0 .54464 -45536 1.S361 .64941 1.5399 1.1924 .16133 .83867 60 

1 . 4488 . 5512 .8352 . 4982 -5389 .1926 . 6119 . 3851 59 

2 . 4513 . 5487 .8344 . 5023 .5379 .1928 . 6165 . 3835 58 

3 . 4537 . 5463 .8336 . 6065 .5369 .1930 . 61<80 . 8819 57 

4 . 4561 . 5438 .8328 . 5106 .5359 .1933 . 6196 . 3804 56 

5 .54586 .45414 1.8320 .65148 1.5350 1.1935 .16212 .83788 55 

6 . 4610 . 5390 .8311 . 5189 .5340 .1937 . 6228 . 3772 54 

7 . 4634 . 5365 .8303 . 5231 .5330 .1939 . 6244 . 3756 53 

8 . 4659 . 5341 .8295 . 5272 .5320 .1942 . 6260 . 3740 52 

9 . 4683 . 5317 .8287 . 5314 .5311 .1944 . 6276 . 3724 51 

10 .54708 .45292 1.8279 .65355 1.5301 1.1946 .16292 .83708 50 

11 . 4732 . 6268 .8271 . 5397 .5291 .1948 . 6308 . 3692 49 

12 . 4756 . 5244 .8263 . 5438 .5282 .1951 . 6323 . 3(576 48 

13 . 4781 . 5219 .8255 . 5480 .5272 .1953 . 6339 . 3660 47 

14 . 4805 . 5195 .8246 . 6521 .5262 .1955 . 6355 . 3644 46 

15 .54829 .45171 1.8238 .65563 1.5252 1.1958 .10371 .83629 45 

10 . 4854 . 5146 .8230 . 6604 .5243 .1900 . 6387 . 3013 44 

17 . 4878 . 5122 .8222 . 5646 .5233 .1962 . 6403 . 3597 43 

18 . 4902 . 6098 .8214 . 6088 .5223 .1964 . 6419 . 3581 42 

19 . 4926 , 5073 .8206 . 5729 -5214 .1967 . 6435 . 3565 41 

20 .54951 .45049 1.8198 .65771 1.5204 1.1969 .16451 .83549 40 

21 . 4975 . 5025 .8190 , 5813 .5195 .1971 . 6467 . 3533 39 

22 . 4999 . 5000 .8182 . 5854 .6185 .1974 . 6483 . 3517 38 

23 . 5024 . 4976 .8174 . 6896 .5175 .1976 . 6499 , 3501 37 

24 . 5048 . 4952 .8106 . 5938 .6166 .1978 . 6515 3485 36 

25 .55072 .44928 1.8158 .65980 1.5166 1.1980 .16531 .83469 35 

26 . 5097 . 4903 ,8150 . 6021 .5147 .1983 . 6547 . 8453 34 

27 . 5121 . 4879 .8142 . 6063 .5137 .1985 . 6563 . 3437 33 

28 - 5145 . 4855 .8134 . 6105 .5127 .1987 . 6579 . 3421 32 

29 . 5169 . 4830 .8126 . 6147 .5118 .1990 . 6595 . 3405 31 

SO -55194 .44806 1.8118 .66188 1.5108 1.1992 .16611 .83388 30 

31 . 6218 . 4782 .8110 . 6230 .5099 .1994 . 6627 . 3372 29 

32 . 5242 . 4758 .8102 . 3272 .5089 .1997 . 6643 . 8356 28 

33 . 5266 . 4733 -8094 . 6314 .5080 .1999 . 66(50 . 3340 27 

84 . 5291 . 4709 .8086 . 6356 .5070 .2001 . 6676 . 8324 26 

85 .55315 .44685 1,8078 .66398 1.5061 1.2004 .1G(>92 .83308 25 

86 . 5339 . 4661 .8070 . 6440 .5051 .2006 . 6708 . 8292 24 

87 . 5363 . 4637 .8062 . 6482 .5042 .2008 . 6724 . 3276 23 

88 . 5388 . 4612 .8054 . 6524 .5032 .2010 . 6740 . 3260 22 

89 - 5412 . 4588 .8047 . 6566 .5023 .2013 . 6756' . 3244 21 

40 .55436 .44564 1.8039 .66608 1.5033 1.2015 .16772 .83228 20 

41 . 5460 . 4540 .8031 . 6650 .5004 .2017 . 6788 . 8211 19 

42 . 5484 . 4515 .8023 . G692 .4994 .2020 . 6804 . 3195 18 

43 . 5509 . 4491 .8015 . 6734 .4985 .2022 . 6821 . 3179 17 

44 . 5533 . 4467 .8007 . 6776 .4975 .2024 . 6837 . 8163 16 

45 .55557 .44443 1.7P99 .66818 1.49(;6 1.2027 .16853 .83147 J5 

46 . 5581 . 4419 .7992 . 6SG0 .4957 .2029 . CS69 . 3131 14 

47 . 5605 . 4395 .7984 . 6902 .4947 .2031 . 6885 . 3115 13 

48 . 5629 . 4370 .7976 . 6944 .4938 .2034 . 6901 . 3098 12 

49 - 5654 . 4346 .7968 . 6986 .4928 .2036 . 6918 . 3082 11 

50 .55678 .44322 1.7960 .67028 1.4919 i:2039 .16934 .83066 10 

51 . 5702 . 4298 .7953 . 7071 .4910 .2041 . 6950 . 3050 9 

52 . 5726 . 4274 .7945 . 7113 .4900 .2043 . 6966 , 3034 8 

53 . 5750 • 4250 .7937 . 7155 .4891 .2046 . 6982 . 3017 7 

54 - 5774 . 4225 .7929 . 7197 .4881 .2048 . 6999 . 3001 6 

55 .55799 .44201 1.7921 .67239 1.4872 1.2050 .17015 .82985 6 

56 . 5823 . 4177 .7914 . 7282 .4863 .2053 . 7031 . 2969 4 

57 . 5847 . 4153 .7906 . 7324 .4853 .2055 . 7047 . 2952 3 

58 . 5871 . 4129 .7898 . 7366 .4844 .2057 , 7064 . 2936 2 

59 . 5895 . 4105 .7891 . 7408 .4835 .2060 - 7080 . 2920 1 

GO . 5919 . 4081 .7883 . 7451 .4826 .2062 . 7096 . 2904 0 

M. Cosine. Trs. sin. | Secant. Cotang. Tang. Cosec’nt^ Vrs. cos. Si ne. M. 
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331 


34*^ Natural Trigonometrical Functions. 145® 



Sine. 

Vrs. cos. 

Cosec’nt 

Tang. 

Cotang. 

Secant. 

Vrs. sin. 

j Cosine. |M. 

0 

.55919 

.44081 

1-78S3 

.67451 

1.4S26 

1.2062 

.17096 

.82904 

60 

1 

. 594S 

. 4057 

.7875 

. 7493 

.4816 

.2064 

. 7112 

. 2887 

59 

2 

. 5967 

. 4032 

.7867 

. 7535 

.4807 

.2067 

. 7129 

. 2871 

58 

3 

. 5992 ' 

. 4008 

.7860 

. 7578 

.4798 

.2069 

. 7145 

. 2855 

67 

4 

. 6016 

. 3984 

.7852 

. 7620 

.4788 

-2072 

. 7161 

. 2839 

56 

5 

.56040 

.43960 

1.7844 

.67663 

1.4779 

1.2074 

.17178 

.82822 

55 

6 1 

. 6064 ' 

. 3936 

.7837 

. 7705 

.4770 

.2076 

. 7194 

. 2806 

54 

7 

. 6088 i 

. 3912 

.7829 

. 7747 

.4761 

.2079 

. 7210 

. 2790 

53 

8 

. 6112 1 

. 8888 

.7821 

. 7790 

.4751 

.2081 

. 7227 

. 2773 

52 

9 

. 6136 i 

. 8864 

.7814 , 

. 7832 

.4742 

.2083 

. 7243 

. 2757 

'51 

10 

-56160 ! 

.43840 

1.7806 

.67875 

1.4733 , 

1.2086 

.17259 ! 

,82741 

50 

11 

. 6184 : 

. 3816 

.7798 

. 7917 

.4724 

.2088 

. 7276 

. 2724 

49 

12 

. 6208 , 

, 3792 

.7791 

. 7960 

.4714 

.2091 

. 7292 

. 2708 

48 

13 

, 6232 ; 

. 3768 

.7783 

- 8002 

.4705 

.2093 

. 7308 

. 2692 

47 

14 

. 6256 

. 3743 

.7776 

. 8045 

.4696 

.2095 

. 7325 

. 2675 

46 

15 

.56280 

.43719 

1.77G8 

.68087 

1.4687 

1.2098 

.17341 

.82659 

45 

16 

. 6304 

. 3695 

.7760 

. 8130 

.4678 

.2100 

, 7357 

. 2643 

44 

17 

, 6328 i 

. 3671 

.7753 

. 8173 

.4669 

.2103 

. 7374 

. 2626 

43 

18 

. 6353 

. 3647 

.7745 

. 8215 

.4659 

.2105 

, 7390 

. 2610 

: 42 

19 

. 6377 

. 3623 

.7738 

. 8258 

.4650 1 

.2107 

, 7406 

. 2593 

41 

20 

.56401 

.43599 

1.7730 

.68301 

1.4641 1 

1.2110 

.17423 

.8-2577 

40 

21 

. 6425 

. 3575 

.7723 

. 8343 

.4632 1 

.2112 

. 7439 

. 2561 

39 

22 

. 6449 

. 3551 

.7715 

. 8386 

.4623 

.2115 

. 7456 

. 2544 

38 

23 

. 6473 

. 3527 

.7708 ' 

. 8429 

,4614 

.2117 

. 747-2 

. 25-28 

37 

24 

. 6497 

. 3503 

.7700 

. 8471 

.4605 

.2119 

. 7489 

. 2511 

36 

25 

.56521 

.43479 

1-7693 

.68514 

1.4595 

1.2122 

.17505 

, .82495 

35 

26 

. 6545 

. 3455 

.7685 1 

. 8557 

.4586 

.2124 

. 7521 

i . 2478 

34 

27 

- 6569 

. 8431 

.7678 ' 

. 8600 

.4577 

.2127 

. 7538 

; . 2462 

33 

28 

. 6593 

. 8407 

.7670 ' 

‘ . 8642 

.4568 

.2129 ■ 

. 7554 

1 . 2445 

32 

29 

. 6617 

. 8383 

-7663 j 

[ . 8685 

.4559 

.2132 

. 7571 

i . 2429 

31 

SO 

.56641 

.43359 

1.7655 

.68728 

1.4550 

1.2134 

.17587 

; .82413 

SO 

31 

. 6664 

. 3335 

.7648 i 

1 . 8771 

.4541 

.2136 

. 7604 

i . 2396 

29 

82 

. 6688 

I . 3311 

.7640 

. 8814 

.4532 

.2139 

. 7620 

: . 2380 , 

28 

83 

. 6712 

, 3287 

.7633 

. 8S57 

.4523 

.2141 

. 7637 

. 2363 

27 

34 

. 6736 

1 . 3263 

.7625 

. 8899 

.4514 

.2144 

. 7G53 

. 2347 

26 

85 

.56760 

.43239 

1.7618 

.68942 

1.4505 

1.2146 

.17670 

I .S2r>30 

25 

86 

. 6784 

. 8216 

.7610 

. 8985 

.4496 

.2149 

. 7686 

. 2314 

24 

37 

. 6808 

. 3192 

.7603 

. 9028 

.4487 

,2151 

. 7703 

. 2297 

23 

38 

. 6832 

. 8168 

.7596 

, 9071 

-4478 

.2153 

. 7719 

: . 2280 

i 22 

39 

. 6856 

. 3144 

-7588 

. 9114 

.4469 

.2156 

. 7736 

‘ , 2264 

l 21 

40 

.56880 

.43120 

1.75S1 

.69157 

1.4460 

1.2158 

.17752 

! .82247 

20 

41 

. 6904 

. 3096 

.7573 

. 9200 

.4451 

.2161 

, 7769 

1 . 2231 

19 

42 

. 6928 

1 . 3072 

.7566 

. 9243 

.4442 

: .2163 

. 7786 

. 2214 

IS 

43 

. 6952 

. 3048 

.7559 

. 9286 

.4433 

.2166 

. 7S02 

' . 2108 

17 

44 

. 6976 

. 3024 

.7551 

. 9329 

,4424 

.2168 

. 7819 

1 . 2181 

16 

45 

.57000 

1 .43000 

1.7544 

.69372 

1.4415 

1 1.2171 

.17835 

.8-2165 

15 

46 

. 7023 

. 2976 

.7537 

. 9415 

.4406 

,2173 

. 7852 

. 2148 

14 

47 

. 7047 

. 2952 

.7529 

. 9459 

.4397 

.2175 

. 7868 

. 2131 

13 

48 

- 7071 

. 2929 

.7522 

. 9502 

.4388 

.2178 

. 7885 

. 2115 

12 

49 

. 7095 

. 2905 

.7514 

. 9545 

.4379 

.2180 

. 7902 

. 2098 

11 

50 

.57119 

.42881 

1.7507 

.695SS 

1.4370 

1.2183 

.17918 

.82082 

[ 10 

51 

. 7143 

. 2857 

.7500 

. 9631 

.4361 

.2185 

. 7935 

. 2065 

9 

52 1 

. 7167 

. 2S33 

.7493 

. 9074 

.4352 

.2188 

. 7951 

. 2048 

i 8 

63 1 

. 7191 

. 2809 

.7485 

. 9718 

.4343 

.2190 

. 7968 

. 2032 

7 

64 

. 7214 

. 2785 

.7478 

. 9761 

.4335 

.2193 

. 7985 

. 2015 

6 

65 1 

.57238 

.42761 

1.7471 

,69804 

1.4326 

1.2195 

.18001 

.81998 

i 5 

66 

. 7262 

. 2738 

.7463 

. 9847 

.4317 

.2198 

. 8018 

. 1982 

1 4 

57 

. 7286 

. 2714 

.7456 

. 9891 

.4308 

I .2200 

. 8035 

. 1965 

3 

58 

. 7310 

. 2690 

.7449 

. 9934 

.4299 

.2203 

. 8051 

. 1948 

1 2 

59 

. 7334 

. 2666 

.7442 

. 9977 

.4290 

.2205 

. 8068 

. 1932 

i 1 

60 

. 7358 

. 2642 

.7434 

.70021 

,4281 

1 .2208 

, 8085 

. 1915 

0 

m7 

Cosine. 

Vrs. sin. 

Secant. 

Co tang. 

Tang. 

Cosec ’nt 

jVrs. cos. 

Sine, j 

Im. 


124 ® 
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NATURAL FUNCTIONS 


Table 3 


55*^ Natural Trigonometrical Functions. 144® 


M. 

Sine. 

■Vrs. cos. 

, jCoseo’n 

t Tang. 

1 Cotang. 

, Secant. 

j Vrs. sin 

. Cosine. 

M. 

0 

.57358 

.42642 

1.7434 

.70021 

1.4281 

1.2208 

1 .18086 

-81915 

60 

1 

. 7381 

. 2618 

.7427 

. 0064 

.4273 

.2210 

. 8101 

. 1898 

59 

2 

. 7405 

. 2595 

.7420 

. 0107 

.4264 

.2213 

. 8118 

. 1882 

58 

3 

. 7429 

. 2571 

.7413 

. 0151 

.4255 

.2215 

. 8135 

. 1865 

57 

4 

, 7453 

. 2547 

.7405 

. 0194 

.4246 

.2218 

. 8151 

. 1848 

56 

5 

.57477 

.42523 

1.7398 

.70238 

1.4237 

1.2220 

.18168 

.81832 

55 

6 

. 7500 

. 2499 

.7391 

. 0281 

.4228 

.2223 

. 8185 

- 1815 

54 

7 

. 7524 

. 2476 

.7384 

. 0325 

.4220 

.2225 

. 8202 

. 1798 

53 

8 

. 7548 

. 2452 

.7377 

. 0368 

.4211 

.2228 

. 8218 

- 1781 

52 

9 

. 7572 

. 2428 

.7369 

. 0412 

.4202 

.2230 

. 8235 

. 1765 

51 

30 

.57596 

.42404 

1.7362 

.70455 

1.4193 

1.2233 

.18252 

.81748 

50 

11 

. 7619 

. 23S0 

.7355 

. 0499 

.4185 

.2235 

. 8269 

. 1731 

49 

12 

. 7643 

. 2357 

.7348 

, 0542 

.4176 

.2238 

. 8286 

. 1714 

48 

13 

. 7667 

. 2333 

1 .7341 

. 0586 

.4167 

.2240 

. 8302 

. 1098 

47 

14 

. 7691 

. 2309 

1 .7334 

. 0629 

.4158 

.2243 

. 8319 

. 1681 

46 

15 

.57714 

.42285 

' ,1.7327 

.70673 

1.4150 

1.2245 

.18336 

.81664 

45 

16 

. 7738 

. 2262 

.7319 

. 0717 

.4141 

.2248 

. 8353 

. 1647 

44 

17 

. 7762 

. 2238 

.7312 

. 0760 

.4132 

.2250 

. 8369 

. 1630 

43 

38 

. 7786 

. 2214 

.7305 

. 0S04 

.4123 

.2253 

. 8386 

. 1614 

42 

19 

- 7809 

. 2190 

.7298 

. 0848 

.4115 

.2255 

. 8403 

. 1597 

41 

20 

.57833 

.42167 

1.7291 

.70891 

1.4106 

1.2258 

.18420 

.81580 

40 

21 

. 7857 

. 2143 

.7284 

. 0935 

.4097 

.2260 

. 8437 

. 1563 

39 

22 

. 7881 

. 2119 

.7277 

. 0979 

.4089 

.2263 

. 8453 

. 1546 

38 

23 

. 7904 

. 2096 

.7270 

. 1022 

.4080 

.2265 

. 8470 

. 1530 

37 

24 

. 7928 , 

. 2072 

.7263 

. 1066 

.4071 

.2268 

, 8487 

. 1513 

36 

25 

.57952 

.42048 

1.7256 

.71110 

1.4063 

1.2270 

.18504 

.81496 

85 

26 

. 7975 

. 2024 

.7249 

. 1154 

.4054 

.2273 

. 8521 

. 1479 

34 

27 

. 7999 

. 2001 

.7242 

. 1198 

.4045 

.2276 

. 8538 

. 1462 

33 

28 

• 8023 

. 1977 

.7234 

. 1241 

.4037 

.2278 

. 8555 

. 1445 

32 

29 

. 8047 

. 1953 

.7227 

. 1285 

.4028 

.2281 

. 8571 

. 1428 

81 

30 

.58070 

.41930 

1.7220 

.71329 

1.4019 

1.2283 

.18588 

.81411 

30 

81 

. 8094 

, 1906 

.7213 

. 1373 

.4011 

.2286 

. 8605 

. 1395 

29 

82 

. 8118 

. 1882 

.7206 

. 1417 

.4002 

.2288 

. 8622 

. 1378 

28 

33 

. 8141 

. 1859 

.7199 

. 1461 

.3994 

.2291 

. 8639 

. 1361 

27 

84 

. 8165 

. 1835 

.7192 

. 1505 

.3985 

.2293 

. 8656 

. 1344 

26 

85 

.58189 

.41811 

1.7185 

1 .71549 

1.3976 

1.2296 

.18673 

.81327 

25 

86 

. 8212 

. 17SS 

.7178 

. 1593 

.3968 

.2298 

. 8690 

. 1310 

24 

87 

. 8236 

. 1764 

.7171 

. 1637 

.3959 

.2301 

. 8707 

. 1293 

23 

88 

. 8259 

. 1740 

.7164 

. 1681 

.3951 

.2304 

. 8724 

. 1276 

22 

89 

. 8283 

. 1717 

.7137 

. 1725 

.3942 

.2306 

. 8741 

. 1259 

21 

40 

.58307 

.41693 

1.7151 

-71769 

1.3033 

1.2309 

.18758 

.81242 

20 

41 

. 8330 

. 1669 

.7144 

. 1813 

.3925 

.2311 

. 8775 

. 1225 

19 

42 

. 8354 

. 1646 

.7137 

. 1857 

.3916 

,2314 

, 8792 

. 1208 

18 

43 

. 8378 

. 1622 

.7130 

. 1901 

.3908 

.2316 

. 8809 

. 1191 

17 

44 

. 8401 

. 1599 

.7123 

. 1945 

-3899 

.2319 

. 8826 

. 1174 

16 

45 

.58425 

.41575 

1.7116 

.71990 

1.3891 

1.2322 

.18843 

.81157 

15 

46 

, 8448 

. 1551 

.7109 

. 2034 

.3882 

.2324 

. 8860 

. 1140 

14 

47 

, 8472 

. 1528 

.7102 

. 2078 

.3874 

.2327 

. 8877 

. 1123 

13 

48 

. 8196 

. 1504 

.7095 

. 2122 

.3865 

.2329 

. 8894 

. 1106 

12 

49 

. 8519 

. 1481 

.7088 

. 2166 

.3857 

.2332 

. 8911 

. 1089 

11 

60 

.58543 

.41457 

1.7081 

.72211 

1.3848 

1.2335 

.18928 

.81072 

10 

51 

. 8566 

. 1433 

.7075 

. 2255 

.3840 

.2337 

. 8945 

. 1055 

9 

52 

. 8590 

. 1410 

.7068 

. 2299 

.3831 

.2340 

. 8962 

, 1038 

8 

53 

. 8614 

. 1386 

.7061 

. 2344 

.3823 

.2342 

. 8979 

. 1021 

7 

54 

. 8637 

. 1363 

.7054 

. 2388 

.3814 

.2345 

. 8996 

. 1004 

6 

55 

.58661 

.41339 

1.7047 

.72432 

1.3806 

1.2348 

.19013 

.80987 

5 

66 

. 8684 

. 1316 

.7040 

. 2477 

.3797 

.2350 

. 9030 

. 0970 

4 

67 

. 8708 

. 1292 

.7033 

. 2521 

.3789 

.11353 

, 9047 

. 0953 

3 

58 

. 8731 

. 1268 

.7027 

. 2565 

.3781 

.2355 

, 9064 

. 0936 

2 

69 

. 8755 

, 1245 

.7020 

. 2610 

.3772 

.2358 

- 9081 

. 0919 

1 

60 

. 8778 

. 1221 

.7033 

. 2654 

.3764 

.2361 

. 9098 

. 0902 

0 

M. 

Cosine. 

Vrs. sin. 

Secant. 

Co tang. 

Tang. ( 

losec’nt 

Vrs. cos. 

Sine, 

iZ 
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36^ Natural Trisonometrical Functions. 143® 


M. 

Sine. 

Vrs. cos. 

Cosec ’nt 

Tang. 

Cotang. 

Secant. 

^ Vrs. sin. 

Cosine. 

M. 

0 

.58778 

.41221 

1.7013 

,72654 

1.3764 

1.2361 

.19098 

-80902 

60 

1 

. 8802 

. 1198 

.7006 

. 2699 

.3755 

.2363 

. 9115 

. 0885 

59 

2 

. 8825 

. 1174 

.6999 

. 2743 

.3747 

.2366 

. 9132 

- 0867 

58 

3 

* 8o49 

. 1151 

.6993 

. 2788 

.3738 

.2368 

. 9150 

. 0850 

57 

4 

. 8873 

. 1127 

.6986 

. 2832 

.3730 

.2371 

. 9167 

. 0833 

56 

5 

.58896 

.41204 

1.6979 

,72877 

1.3722 

1.2374 

.19184 

.80816 

55 

6 

. 8920 

. 1080 

.6972 

. 2921 

.3713 

.2376 

. 9201 

. 0799 

54 

7 

. 8943 

. 1057 

.6965 

. 2966 

.3705 

.2379 . 

. 9218 

. 0782 

53 

8 

. 8967 

. 1033 

.6959 

. 8010 

-3697 

.2382 

. 9235 

. 0765 

52 

9 

. 8990 

. 1010 

.6952 

. 3055 

.3688 

.2384 

. 9252 

. 0747 

51 

10 

.59014 

.40986 

1.6945 

.73100 

1.3GS0 

1.2387 

.19270 

.80730 

50 

11 

. 9037 

. 0963 

.6938 

. 3144 

.3672 

.2389 

. 9287 

. 0713 

49 

12 

. 9060 

. 0939 

.6932 

. 3189 

.3663 

.2392 

. 9304 

. 0696 

48 

13 

. 9084 

. 0916 

.6925 

. 3234 

.3655 

,2395 

. 9321 

. 0679 

47 

14 

. 9107 

. 0892 

.6918 

. 3278 

.3647 

.2397 

. 9338 

. 0662 

46 

15 

.59131 

.40869 

1.6912 

.73323 

1.3638 

1.2400 

.19355 

.80644 , 

45 

16 

. 9154 

. 0845 

.6905 

. 3368 

.3630 

.2403 

. 9373 

. 0627 ! 

44 

SI 

. 9178 

- 0822 

.6898 

. 3412 

.3622 

.2405 

. 9390 

. 0610 

43 

18 

. 9201 

. 0799 

.6891 

. 3457 

.3613 

.2408 

. 9407 

. 0593 

42 

19 

. 9225 

. 0775 

.6885 

. 3502 

.3605 

.2411 

. 9424 

. 0576 

41 

20 

.59248 

.40752 

1.6878 

.73547 

1.3597 

1.2413 

.19442 

.80558 

40 

21 

. 9272 

. 0728 

.6871 

. 3592 

.3588 

.2416 

- 9459 

. 0541 

39 

22 

. 9295 1 

. 0705 

.6865 

. 3637 

.8580 

.2419 

. 9476 

. 0524 

38 

23 

. 9318 1 

. 0681 

.6858 

. 8681 

.3572 

.2421 

. 9493 

. 0507 

37 

24 

. 9342 1 

. 0658 

.6851 

. 3726 

.3564 

.2424 

. 9511 

. 0489 

36 

25 

.69365 

,40635 

1.6845 

.73771 

1.3555 

1.2427 

.19528 

.80472 

35 

26 

. 9389 

. 0611 

.6838 

. 3816 

,3547 

.2429 

. 9545 

. 0465 

34 

27 

. 9412 

. 0<58S 

.6831 

. 8861 

.3539 

.2432 

. 9562 

. 0437 

33 

28 

. 9435 

. 0564 

.6825 

. 3906 

.3531 

.2435 

. 9580 

. 0420 

32 

29 

. 9459 

. 0541 

.6818 

. 3951 

.3522 

.2437 

. 9597 

, 0403 

31 

30 

.69482 

.40518 

1.6812 

.73996 

1.3514 

1.2440 

.19614 

,80386 

30 

31 

. 9506 

. 0494 

.6805 

. 4041 

.3506 

.2443 

. 9632 

. 0368 

29 

82 

. 9529 

. 0471 

.6798 

, 4086 

.3498 

.2445 

. 9649 

. 0351 

28 

33 

. 9552 1 

. 0447 

.6792 

. 4131 

.3489 

: .2448 

. 9666 

. 0334 

27 

34 

. 9576 1 

. 0424 

6785 

. 4176 

.3481 

.2451 

, 9683 

. 0816 

26 

35 

.59599 

.40401 

1.6779 

.74221 

1.3473 

1.2453 

.19701 

.80299 

25 

3f> 

. 9622 

, 0377 

.6772 

. 4266 

.3465 

.2456 

. 9718 

. 0282 

24 

37 

. 9646 

. 0354 

,6766 

. 4312 

.3457 

.2459 

. 9736 

. 0264 

23 

38 

. 9669 

. 0331 

,6759 

. 4357 

.3449 

.2461 

, 9753 

. 0247 

22 

39 

. 9692 

. 0307 

.6752 

. 4402 

.3440 

.2464 

. 9770 

. 0230 

21 

40 

.59716 

.40284 

1.6746 

.74447 

1.3432 

1.2467 

.19788 

-80212 

20 

41 

. 9739 

. 0261 

.6739 

. 4492 

.3424 

.2470 

. 9805 

. 0195 

19 

42 

. 9762 

. 0237 

-6733 

. 4538 

.3416 

.2472 

. 9822 

. 0177 

18 

43 

. 9786 

. 0214 

.6726 

. 4583 

.3408 

.2475 

. 9840 

. 0160 

17 

44 

. 9809 

. 0191 

.6720 

, 4628 

.3400 

.2478 

. 9857 

. 0143 

16 

45 

.59832 

.40167 

1.6713 

.74673 

1.3392 

1.2480 

.19875 

.80125 

15 

46 

. 9856 

. 0144 

.6707 

. 4719 

.3383 

.2483 

. 9892 

. 0108 

14 

47 

. 9879 

. 0121 

.6700 

. 4764 

.3375 

.2486 

. 9909 

. 0090 

13 

48 

. 9902 

. 0098 

.6694 

. 4809 

.3367 

.2488 

. 9927 

. 0073 

12 

49 

. 9926 

. 0074 

.6687 

. 4855 

.3359 

,2491 

. 9944 

. 0056 

1 11 

50 

.59949 

,40051 

1.6681 

.74900 

1.3351 

1.2494 

.19962 

.80038 

10 

51 

. 9972 

. 0028 

.6674 

. 4946 

.3343 

.2497 

. 9979 

. 0021 

9 

62 

. 9995 

. 0004 

,6668 

. 4991 

.3335 

.2499 

. 9997 

. 0003 

8 

63 

1 .60019 

.39981 

.6661 

. 5037 

.3327 

.2502 

.20014 

.79986 

7 

64 

i . 0042 

. 9958 

.6655 

. 5082 

.3319 

.2505 

. 0031 

. 9968 

6 

65 

: .60065 

.39935 

1.6648 

.76128 

1.3311 

1.2508 

.20049 

.79951 

5 

56 

. 0088 

, 9911 

.6642 

. 6173 

.3303 

.2510 

. 0066 

. 9933 

4 

67 

. 0112 

. 9888 

.6636 

. 5219 

.3294 

.2513 

. 0084 

. 9916 

3 

68 

. 0135 

. 9865 

.6629 

. 5264 

.3286 

.2516 

. 0101 

. 9898 

2 

59 

. 0158 

. 9842 

.6623 

. 5310 

.3278 

.2519 

. 0119 

. 9881 

1 

60 

. . 0181 

. 9818 

.6616 

. 6355 

.3270 

.2521 

. 0136 

. 9863 

0 

M. 

Cosine. 

Vrs. sin. 

Secant. 

Cotang. 

Tang. 

Coeec’nt 

Vrs. cos. 

Sine. 

mT 
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Table 8 


370 Natjiral Trigonometrical Functions 
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M. I Cosine. |Vr8. sfn.|| Secant, j Cotang.J 
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1 

.2.-71. 

■ . 0170 

. 9.530 

: -Ji 

l.A.y/7 

.r.-:'jS3 

.79.")J2 

1 -10 

.2.37 9 

. 0.305 

. 9-HM 

1 .29 


. o-.^r) 

. 9-177 , 

38 

!2oi.> ! 

. (rj-ti 

. 9150 1 

37 

1 

. . C -).">S 

. 9111 

36 

.1.27)91 

' .20:37C 

.79121 

35 

.2:303 


, OlOC) 1 

3-1 
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38® Natural Trigonometrical Functions. 141® 


M. 

Sine. 

Vrs. cos. 

Ooaec’nt 

Tang. 1 

Cotang. 

Secant. 

Vrs. sin. 

Cosine. 

M. 

0 

.61566 

.38434 

1.6243 

.78128 

1.2799 

1.2690 

.21199 

.78801 

60 

1 

. 1589 

. 8411 

.6237 

. 8175 

.2792 

-2693 

. 1217 

- 8783 

59 

2 

. 1612 

. 8388 

.6231 

. 8222 

.2784 

.2696 

. 1235 

. 8765 

68 

3 

. 1635 

, 8365 

.6224 

. 8269 

.2776 

.2699 

. 1253 

. 6747 

67 

4 

. 1658 

- 8342 

.6218 

. 8316 

.2769 

.2702 

. 1271 

. 8729 

56 

5 

.61681 

.38319 

1.6212 

-78363 

1-2761 

1.2705 

.21288 

-7S711 

65 

6 

. 1703 

. 8296 

.6206 

. 8410 

.2753 

.2707 

. 1306 

. 8693 

54 

7 

. 1726 

. 8273 

.6200 

. 8457 

-2746 

.2710 

. 1324 

. 8675 

63 

8 

. 1749 

. 8261 

.6194 

, 8504 

.2738 

.2713 

. 1342 

. 8657 

62 

9 

. 1772 

. 8228 

.6188 

. 8551 

.2730 

.2716 

. 1360 

- 8640 

51 

10 

.61795 

.38205 

1.6182 

.78598 

1.2723 

1.2719 

.21378 

.78622 

50 

11 

. 1818 

. 8182 

.6176 

. 8645 

.2715 

.2722 

. 1396 

. 8604 

49 

12 

. 1841 

. 8159 

.6170 

. 8692 

.2708 

.2725 

. 1414 

. 8586 

48 

13 

. 1864 

- 8136 

.6164 

. 8739 

.2700 

.2728 

. 1432 

. 8568 

47 

14 

. 1886 

, 8113 

.6159 

. 8786 

.2692 

.2731 

. 1450 1 

, 8550 

46 

15 

.61909 

.38091 

1.6153 

.78834 

1.2685 

1.2734 

.21468 

-78532 

45 

16 

. 1932 

. 8068 

.6147 

, 8881 

.2677 

.2737 

. 1486 

. 8514 

44 

17 

. 1955 

, 8045 

.6141 

, 8928 

.2670 

.2739 

. 1504 

. 8496 

43 

18 

- 1978 

. 8022 

.6135 

. 8975 

.2662 

.2742 

. 1522 

. 8478 

42 

19 

. 2001 

. 7999 

.6129 

. 9022 

.2655 

.2745 

. 1540 

- 8460 

41 

20 

.62023 

.37976 

1.6123 

.79070 

1.2647 

1.2748 

-21558 

.78441 

40 

21 

. 2046 

. 7954 

.6117 . 

. 9117 

.2639 

,2751 

. 1576 

, 8423 

39 

22 

. 2069 

- 7931 

.6111 

. 9164 

.2632 

,2754 

. 1594 

. 8406 

38 

23 

, 2092 1 

. 7908 

.6105 

. 9212 

.2624 

.2757 

. 1612 

. 8387 

37 

24 

. 2115 

. 7885 

.6099 

. 9259 

.2617 

.2760 

- 1631 

. 8369 

36 

25 

.62137 

,37862 

1.6093 

.79306 

1.2609 

1.2763 

.21649 

.78351 

35 

26 

, 2160 

, 7840 

.6087 

. 9354 

.2602 

.2766 

. 1667 

. 8333 

34 

27 

. 2183 

. 7817 

.6081 

. 9401 

.2594 

.2769 

. 1685 

. 8315 

33 

28 

. 2206 

. 7794 

.6077 

. 9449 

.2587 

.2772 

. 1703 

- 8297 

32 

29 

. 2229 

. 7771 

.6070 

, 9496 

.2579 

.2775 

. 1721 

. 8279 

31 

30 

,62251 

.37748 

1.6064 

.79543 

1.2572 

1.2778 

.21739 

.78261 

30 

31 

. 2274 

. 7726 

.6058 

. 9591 

.2564 

.2781 

. 1757 

, 8243 

29 

32 

, 2297 

. 7703 

.6052 

. 9639 

.2557 

.2784 

. 1775 

. 8224 

28 

33 1 

. 2320 

. 7680 

.6046 

. 9686 

.2549 

.2787 

. 1793 

- 8206 

27 

34 

. 2342 

. 7667 

.6040 

. 9734 

.2542 

,2790 

. 1812 

, 8188 

26 

35 

.62365 

.37635 

1.6034 

.79781 

1.2534 

1.2793 

.21830 

.78170 

25 

36 

, 2388 

. 7612 

,6029 

. 9829 

.2527 

.2795 

. 1848 

. 8152 

24 

37 

- 2411 

. 7589 

.6023 

. 9876 

.2519 

.2798 

. 1866 

. 8134 

23 

38 

, 2433 

. 7566 

.6017 

. 9924 

.2512 

.2801 

. 1884 

, 8116 

22 

39 

. 2456 

. 7544 

.6011 

. 9972 

.2504 

.2804 

. 1902 

. 8097 

21 

40 

.62479 

.37521 

1.6005 

.80020 

1.2497 

1.2807 

.21921 

.78079 

20 

41 

. 2501 

. 7498 

.6000 

. 0067 

.2489 

.2810 

. 1939 

. 8061 

19 

42 

. 2524 

. 7476 

,5994 

. 0115 

.2482 

.2813 

. 1957 

. 8043 

IS 

43 

. 2547 

. 7453 

.6988 

. 0163 

.2475 

.2816 

. 1975 

. 8025 

17 

44 

. 2570 

, 7430 

.5982 

. 0211 

.2467 

.2819 

. 1993 

. 8007 

16 

45 

.62692 

.37408 

1.5976 

.80258 

1.2460 

1.2822 

.22011 

.77988 

15 

46 

. 2615 

. 7385 

.5971 

. 0306 

.2452 

.2825 

. 2030 

. 7970 

14 

47 

. 2638 

. 7362 

.5965 

. 0354 

.2445 

.2828 

. 2048 

. 7952 

13 

48 

. 2660 

. 7340 

.5959 

. 0402 

.2437 

.2831 

. 2066 

. 7934 

12 

49 

. 2683 

. 7317 

.5953 

. 0450 

.2430 

.2834 

. 2084 

. 7915 

11 

50 

,62706 

.37294 

1.5947 

.80498 

1.2423 

1.2837 

.22103 

.77897 

10 

51 

1 . 2728 

. 7272 

.5942 

. 0546 

.2415 

.2840 

. 2121 

. 7879 

9 

62 

. 2751 

. 7249 

.5936 

. 0594 

.2408 

.2843 

. 2139 

. 7861 

8 

53 

. 2774 

. 7226 

.6930 

. 0642 

.2400 

.2846 

. 2157 

. 7842 

7 

54 

. 2796 

. 7204 

.5924 

. 0690 

.2393 

.2849 

. 2176 

. 7824 

6 

65 

,62819 

.37181 

1.5919 

.80738 

1-2386 

1.2852 

.22194 

.77806 

5 

56 

, 2841 

- 7158 

.5913 

. 0786 

.2378 

.2865 

. 2212 

. 7788 

4 

57 

, 2864 

, 7136 

.6907 

. 0834 

.2371 

,2858 

. 2230 

. 7769 

3 

58 

. 2387 

. 7113 

.5901 

. 0882 

.2364 

-2861 

. 2249 

. 7751 

2 

59 

. 2909 

. 7090 

.5896 

. 0930 

.2356 

-2864 

. 2267 

. 7733 

1 

60 

. 2932 

.. 7068 

.5890 

. 0978 

.2349 

.2867 

. 2285 

. 7715 

0 

m7 


Vrs. ein. 

Secant. 

Cotang. 

Tang. 

Cosec *nt 

Vrs. cos. 

Sine. IM. 
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NATURAL FUNCTIONS 


Table 3 


39° Natural Trigonometrical Functions. 140° 



i Slue. 

cc.-- 


t' Ti-'.t'.-. 

" Cotcr.- 

1 

1 1 Vr-. «:•: 71 

J Corfu 0 . 

'm. 

C- 


.3# ,>3? 

l-")^9•'^ 

■i. v.-.-i 

1.23 19 

1.2-‘7 

.22285 

i . 777:5 

GO 

J 


. 1.5 


. : 

.■-■.'J I'i 

: .2-71 

. 2.) jl 

[ . 7* 

,59 





. i--7:i 

.27-- >-I- 

: .2-71 

. 2-‘>:*2 

1 . 7, '.78 

,53 

;; 

- • '■j 

. 7- j',;> 

-J 

. l:-23 

•>..■‘7 

1 . / 

. 2 .‘-;o 

j . 7t-';o 

i 


. A-r-M 

. 6;' 77 


. 3!7: 

.2::-’0 


. 2 


56 


.'J.!;,' :■") 




3.2;-.2 

1.2— 2> 

.2_.-i t 

! .77i-.'3 

5.5 

r 

. ;>;;r7 

. 12 



i 

1 .i;.-— ■> 

. 2;:o5 

■ . Vt‘v.r5 

51 


. 

. 6. : j 


. v-'.;.: 

.'.i'.'i; i 


' ■ . 2 ■ ’ L 

. 7 - - ' ■, 

53 


. 



. ! y. \ 

.2l;>0 


. '2 i ■ >2 

! . 7: ':,8 

,52 



' . 



.22-3 


. 2 : 

j . 7.- 19 

i 51 

■ '1 


i .iv-ci 


.."1 :■)! 

1.2 iT'I 

■ 3.J>vS 

.■jj-.','.;* 

.775.;l 

50 

J ' 

. Cl '.cl 

i . 

.. ".2-. 

. 1 

.227,’^ 

.1;'.'- 'L 

1 . l;i.‘'7 

. 7 --.3 

1 19 


■ . 32, -3 



. J ' .V 


.2v,l. 

. - 2'|>5 

■ . T '.'. '-l 

1 48 

3:J 

. 1V22.J 

: . 0774 



.22--> 1 

.2i-- 7 

. 2-21 

■ . 7 ! To 

: 47 

l’= 


' . 0'7;'':i 


. i -"'' 

.■2'2. j.7 

.■2'.'.L0 

. 25 (■> 

. 7 4-iS 

■ 46 

!■> 

-•■3270 



: 7 '.'i 

1.22:'>9 


.225' ■,! 

■ . 77:39 

45 


. 32:3 

■ ■■7i-7 

.57^:) 

. 17.i2 

.22'72 

.2; '■> 

. 2.-,7;,> 

. 'I S JI 

1 44 

17 

. I >3 ■ > 

1 

.5721 

. ISO-j 

-22.2-i 

. .-iv-ii) 

. 2'.;'7 

, . 7:0-.> 

i 43 

IS 

. 3-j iS 

. 6- ■.■■2 


. I-iO 



. 2-.:i'j 

. 73.-1 

1 42 

111 

. 3-i^i') 

. 6039 

.57 



.2.,'2''> 


1 . 7365 

. 41 

A ‘ 

i 

; .i?.' ; ; 7 

1.5777 

i 

3.22. 3 

: 1.2:«20 

.22 ■.■>53 

1 . 77 :'. 17 

: 40 

n 

. :V2>.5 

: , 65‘.‘l 

.5.71 

! . r. 

.*..1; ■> 

1 .2232 

. 2-:;7i 

i . 7329 

39 


. 

! 

.;>7''» 

! . -l.r.-.l 


i .2.'3-'i 

. :\:oo 

1 . 73-10 

, .33 

2:! 

. 3 !-’0 

: . O:)!;' 


. .1. 

.2’.<1 

1 .il'.-.l.S 

. 2728 

. 7292 

37 

21 

. 34.3 

‘ . •'■-■'■.I'/ 


■ . 2'-iI 

.*4’ 71 

.2-. U 

, 27’-'7 

. 7-27:J 

36 

Si 

.■;3:V'5 


1.5740 

.iJLvJ 


1.2. 1 t 

.■ 22 : 1.> 

.77255 

35 

2i‘ 

. 35 LS 


.-'*7' I'o 

1 . 8 

.2i0-> 

.2.' 57 

. 27t-3 

. 7236 

,31 

27 

. O." IL- 

! . <■ i.-J 

.57 38 



.2.-.''0 

. 2782 

. 7218 

33 

2:^ 

. 3:^v3 

. (’.;.i7 

.572,2 

. 

.2i 15 

! .2.-.-':i 

. 2800 

. 7199 

32 

2.» 

. 3o-;i 


.57*27 

. 2:W-5 

.-.IMS 

.2. '-in 

• . 281') 

. 7:81 

31 

S'.) 


j 1^1. 'll 

3 .5721 

. .821.1 

1.21 31 

].-2.-r‘.) 

.22-37 

.7'.' I.t-|2 

30 

81 

. 

. 6. .70 

.57 i !> 

.» . 

.214 1 

.2'..».‘,3 

. 2-5'* 

. 7Ui 

29 

3J. 

. 

■ . c.ojir 

■.:»7:0 

■ ! 2 --? U 

.21 ; 7 

' .-.I.'.-.) 

■ . 2-7-t 

. • 

23 

3;? 

. 3.:7r) 

■ , 

.57. .'5 


.21-.9 

. .2*..''*i:‘ 

: . 2-'.-3 

I . I L«-i7 

27 

81 

. 3?,i>7 

i . (53' -> 

.■‘sO-'O 

. 2r’20 

• .21': 2 

*■' •7*'* 

■ ’ 1' > 

j . 7088 

26 

sr» 

.6:i:29 



. .8-21.7S 

1.:12;'.5 

■ i!2>7.5 

■ !229-0 ! 

! .77070 

25 

Sti 

. ;ci2 




.*208 

' .2j,8 

29 ., 0 

. 70.il 

24 

3'/ 

. 2,7!!.3 

. 'i'.'.'ltV 


.’ 277'» ■ 

. 2 ,. "I 

.2‘'.-l 

! 2i,v‘v 

. 7033 

23 

3.S 

. 37^7 

I . 0l i2. 


. 2^25 , 

■ .207 1 

. .-29, -5 


. 7011 1 

1 ->2 

S'j 

. ;m.) 

. . Oi;iO 


. 2>7l 

.2i.6'> 

.22-8 

. 3'J-. 1 ' 


: 21 

40 

.•■.‘■'•.■Cl 

.JIOIOS 



. 1.2-..-C) 

. 1.2.)-..-l 

.23^23 

.70.977 

20 

41. 


. t'<' :o 


•’'C.7 ■> j 

■ .2!.-V2 

.2:.-04 

. 32 :n 

. 0953 

19 

42 

43 

44 

. 3877 
. 3899 
. 39*21 

. 6123 

-5655 

.5650 

.5644 

I 3022 

.2045 

.2038 

.2031 

.2997 

.3000 

.3003 

. 3060 

. 6940 
. 6921 
. 6903 

18 

17 

16 

• OIUJL 

. 6078 

• OVfJL 

. 3120 

• ov # *J 

- 3097 

45 

.63944 
. 3966 

.36056 
. 6034 

1.5639 

.83169 

1.2024 

1.3006 

.3010 

.23116 
. 3134 

.76884 
. 6865 

15 

14 

46 

.5633 

. 3218 

.2016 

47 1 

. 3989 

. 6011 

.5628 

. 3267 

.2009 

.3013 

. 3153 

. 6847 

13 

48 

49 

. 4011 
. 4033 

. 5989 
. 5967 

.5622 

.5617 

, 3317 
. 3366 

.2002 

.1995 

.3016 

.3019 

. 3172 
. 3190 

. 6828 

. 6810 

12 

11 

50 

51 

52 

.64056 
. 4078 
. 4100 

.35944 
. 5922 
. 5900 

1.6611 

.5606 

.5600 

.83415 

3465 

1.1988 

1981 

1.3022 

30‘^5 

.23209 

3227 

.76791 
. 6772 
. 0754 

10 

9 

8 

I 3514 

.'1974 

' !8029 

I 32-16 

53 

54 

. 41*23 
. 4115 

. 6877 
. 5855 

.5595 

.5590 

: . 3563 
. 3613 

.1967 

.1960 

.3032 

.3035 

. 3265 
. 3283 

. 6735 
. 6716 

7 

6 

55 

.64167 
. 4189 

.36833 
, 5810 

1 5584 

.83662 
. 3712 

1.1953 

1.3038 

.3041 

.23302 
. 3321 

.70698 
. 6679 

5 

56 

.5579 

.1946 

4 

57 

. 4212 

, 6788 

.6573 

. 3761 

-1939 

.3044 

. 3339 

. 6660 

S 

58 

. 4*234 

. 5766 

.5568 

. 3811 

.1932 

.3048 

. 3358 

. 6642 

2 

59 

. 4-256 

. 5743 

.5563 

. 3860 

.1924 

.3051 

. 3377 

. 6623 

1 

60 

. 4279 

. 6721 

.5557 

. 8910 

.1917 

.3054 

. 3395 

. 6604 

0 

M. 

Cosine- 

Vrs. sin. 

Secant. 

Cotang. 

Tang. 

(Josec’nt 

Vrs. cos. 

Sine. 

mT 
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40® Natural Trigonometrical Functions. 139° 


AI. 

Sine. 

Vrs. cos. 

Cosec ’nt 

Tang. 

1 Cotang. 

Secant. 

Trs. sin. 

Cosine. 

M. 

0 

.64279 

.35721 

1.5557 

.83910 

1.1917 

1.3054 

.23395 

.76604 

60 

1 

. 4301 

. 5609 

.5552 

. 3959 

.1910 

.3057 

. 3414 

. 6586 

59 

2 

. 4323 

. 5677 

.5546 

. 4009 

.1903 

.3060 

. 3433 

. 6567 

58 

3 

. 4345 

. 5654 

.5541 

. 4059 

.1896 

.3064 

. 3452 

. 6548 

57 

4 

. 4368 

. 5632 

.5536 

. 4108 

.1889 

.3067 

. 3470 

. 6530 

56 

5 

.64390 

.35610 

1.5530 

.81158 

1.1SS2 

1.3070 

.23489 

.76511 

55 

6 

. 4412 

. 5588 

.6525 

. 4208 

.1875 

.3073 

. 3508 

- 6492 

54 

7 

. 4435 

. 5565 

.5520 

. 4257 

.1868 

.3076 

. 3527 

. 6473 

53 

8 

. 4457 

. 5543 

.5514 

- 4307 

.1861 

.3080 

. 3545 

. 6455 

52 

9 

. 4479 

. 5521 

.5509 

. 4357 

.1854 

.3083 

. 3564 

. 6436 

51 

10 

.64501 

.35499 

1.5503 

.84407 

1.1847 

1.3086 

.23583 

.76417 

50 

11 

. 4523 

. 5476 

.5498 

. 4157 

.1840 

.3089 

. 3602 

. 6398 

49 

12 

. 4546 

. 5454 

.5493 

. 4506 

.1833 

.3092 

. 3620 

. 6380 

48 

13 

. 4568 

. 5432 

.5487 

. 4556 

.1826 

.3096 

. 3689 

. 6361 

47 

14 

. 4590 

. 5410 

.5482 

. 4606 

.1819 

.3099 

. 3658 

. 6342 

46 

15 

.64612 

.35388 

1.5477 

.84656 

1.1812 

1.3102 

.23677 

.76323 

45 

16 

. 4635 

. 6365 

.5171 

. 4706 

.1805 

.3105 

. 3695 

. 6304 

44 

17 

. 4657 

. 5343 

.5466 

. 4756 

.1798 

-3109 

. 3714 

. 6286 

43 

18 

. 4679 

. 5321 

.5461 

. 4806 

.1791 

.3112 

. 3733 

. 6267 

42 

19 

. 4701 

. 5299 

.5456 

. 4856 

.1785 

.3115 

. 3752 

. 6248 

41 

20 

.64723 

.35277 

1.5450 

.84906 

1.1778 

1.3118 

.23771 

-76229 

40 

21 

. 4745 

. 5254 

.5445 

. 4956 

.1771 

.3121 

. 3790 

. 6210 

39 

22 

. 4768 

. 5232 

.5440 

. 5006 

.1764 

.3125 

. 3808 

. 6191 

38 

23 

. 4790 

. 6210 

.5434 

. 5056 

.1757 

-3128 

. &S27 

. 6173 

37 

24 

. 4812 

. 5188 

.5429 

. 5107 

.1750 

.3131 

. 3846 

. 6154 

36 

25 

.64834 

.35166 

1.5424 

.85157 

1.1743 

1.3134 

.23865 

.76135 

35 

26 

. 4856 

. 6144 

.5419 

. 6207 

.1736 

.3108 

. 3884 

. 6116 

34 

27 

. 4878 

. 5121 

.5413 

. 6257 

.1729 

.3141 

. 3903 

. 6097 

33 

28 

. 4900 

. 6099 

.5408 

. 5307 

.1722 

.3144 

, 3922 

. 6078 

32 

29 

. 4923 

. 5077 

.5403 

. 5358 

.1715 

.3148 

. 3940 

. 6059 

31 

SO 

.64945 

.85055 

1.5398 

.85408 

1.1708 

1.3151 

.23959 

.76041 

30 

31 

. 4967 

. 5033 

.5392 

. 5458 

.1702 

.3154 

. 3978 

1 . 6022 

29 

32 

. 4989 

. 5011 

.5387 

. 6509 

.1695 

.3157 

. 3997 

. 6003 

28 

33 

. 5011 

. 4989 

.5382 

. 5559 

.1688 

.3161 

. 4016 

. 5984 

27 

34 

. 5033 

. 4967 

.5377 

. 6609 

.1681 

.3164 

. 4035 

- 6965 

26 

35 

.65055 

.34945 

1.5371 

.85660 

1.1674 

1.3167 

.24054 

.75946 

25 

36 

. 5077 

. 4922 

.5366 

. 5710 

.1667 

.3170 

. 4073 

' - 5927 

24 

37 

. 5099 

. 4900 

.6361 

, 5761 

.1660 

.3174 

. 4092 

. 6908 

23 

38 

. 5121 

. 4878 

.5356 

. 5811 

.1653 

.3177 

. 4111 

. 5889 

22 

39 

. 5144 

. 4856 

.5351 

. 5862 

.1647 

.3180 

. 4130 

. 5S70 

21 

40 

.65166 

.34834 

1.5345 

.85912 

1.1640 

1.3184 

.24149 

.75851 

20 

41 

. 5188 

. 4S12 

.5340 

. 5963 

.1633 

-3187 

. 4168 

1 . 6832 

19 

42 

. 5210 

. 4790 

.5335 

. 6013 

.1626 

.3190 

. 4186 

. 5813 

18 

43 

. 5232 

. 4768 

.5330 

. 6064 

.1619 

.3193 

. 4205 

i . 5794 

17 

44 

. 5254 

. 4746 

.5325 

. 6115 

.1612 

.3197 

. 4224 

i . 5775 

16 

45 

.65276 

.34724 

1.5319 

.86165 

1.1605 

1.3200 

.24243 

1 .75756 

15 

46 

. 5298 

. 4702 

.5314 

i . 6216 

.1599 

.3203 

. 4262 

. 5737 

14 

47 

. 5320 

- 4680 

.5309 

. 6267 

.1592 

.3207 

. 4281 

. 5718 

13 

48 

. 6342 

. 4658 

.5304 

. 6318 

.1585 

.3210 

. 4300 

. 5699 

12 

49 

. 5364 

- 4636 

.5299 

. 6368 

.1578 

.3213 

. 4319 

. 5680 

11 

60 

.65386 

.34614 

1.5294 

.86419 

1.1571 

1.3217 

.24338 

.75661 

10 

51 

. 6408 

- 4592 

.5289 

. 6470 

.1565 

.3220 

. 4357 

. 5642 

9 

52 

. 5430 

. 4570 

.5283 

. 6521 

.1558 

.3223 

. 4376 

. 5623 

8 

53 

. 5452 

. 4548 

.5278 

. 6572 

.1551 

.3227 

, 4396 

. 5604 

7 

54 

. 5474 

, . 4526 

.5273 

. 6623 

.1544 

.3230 

. 4415 

. 5585 

6 

55 

.65496’ 

.34504 

1.5268 

.86674 

1.1537 

1.3233 

.24434 

.75566 

5 

5Q 

' . 5518 

. 4482 

.5263 

. 6725 

.1531 

-3237 

. 4453 

. 5547 

4 

57 

. 5540 

. 4460 

.5258 

. 6775 

.1524 

,3240 

. 4472 

. 5528 

3 

58 

. 6562 

. 4438 

.5253 

. 6826 

.1517 

J3243 

. 4491 

. 5509 

2 

69 

. 5584 

. 4416 

.5248 

. 6878 

.1510 

.3247 

. 4510 

. 5490 

! 1 

60 

. 6606 

. 4394 

.5242 

. 6929 

.1504 

.3250 

. 4529 

. 5471 

0 

m7| 

Cosine. 

jVrs. ein. 

Secant. 

Ootang. 

Tang. 

Cosec ’nt 

jYrs. COB. 

Sine. 
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41 © Natural Trigonometrical Functions. 138° 


M. 

Sine. 

Vrs. COS- 

Cosec’nt 

; Tang. 

1 Cotang. 

I Secant, 

Vrs. sin. 

Cosine. 

M. 

0 

.05606 

.34394 

1.5242 

.86929 

1.1504 

1.0250 

.24529 

.75471 

60 

1 

. 5628 

. 4372 

.5237 

. 6980 

.1497 

.3253 

. 4548 

. 6452 

59 

2 

. 5650 

. 4350 

.5232 

. 7031 

.1490 

.3257 

. 4567 

. 5133 

58 

s 

. 6672 

. 4328 

.5227 

. 7082 

.1483 

.3260 

. 4586 

. 5414 

57 

4 

. 5694 

. 4306 

.5222 

. 7133 

.1477 

.3263 

. 4605 

. 6394 

56 

D 

.65716 

.34284 

1.5217 

.87184 

1.1470 

1.3267 

.24624 

.75375 

55 

6 

. 6737 

. 4262 

.5212 

. 7235 

.1463 

.3270 

. 4644 

. 5356 

54 

7 

. 5759 

. 4240 

.6207 

. 7287 

.1456 

.3274 

. 4663 

. 5337 

53 

8 

. 5781 

. 4219 

.5202 

. 7338 

.1450 

.3277 

. 4682 

. 6318 

52 

9 

. 5803 

. 4197 

.5197 

. 7389 

.1443 

.3280 

. 4701 

. 5299 

61 

10 

.65825 

.34175 

1.5192 

.87441 

1.1436 

1.3284 

.24720 

.75280 

50 

11 

. 5847 

. 4153 

.5187 

. 7492 

.143f 

.3287 

. 4739 

. 5261 

49 

12 

. 5869 

. 4131 

.5182 

. 7543 

.1423 

.3290 

. 4758 

. 5241 

48 

13 

. 6891 

. 4109 

.5177 

. 7595 

.1416 

.3294 

. 4778 

. 5222 

47 

14 

. 5913 

. 4087 

.5171 

. 7646 

.1409 

.3297 

. 4797 

. 5203 

46 

15 

,65934 

.34065 

1.5166 

.87698 

1.1403 

1.3301 

.24816 

.75184 

45 

16 

. 5956 

. 4043 

.5161 

. 7749 

.1396 

.3304 

. 4835 

. 5165 

44 

17 

. 5978 

. 4022 

.5156 

. 7801 

.1389 

.3307 

. 4854 

. 6146 

43 

18 

* 6000 

. 4000 

.5151 

. 7852 

.1380 

.3311 

. 4873 

. 6126 

42 

19 

. 6022 

. 3978 

.5146 

. 7904 

.1076 

-3314 

. 4893 

, 6107 

41 

20 

.66044 

.33956 

1.5141 

.87955 

1.1369 

1.3818 

.24912 

.75088 

40 

21 

. 6066 

. 3934 

.5136 

. 8007 

.1363 

.3321 

. 4931 

. 5069 

39 

22 

. 6087 

. 3912 

.5131 

. 8058 

.1356 

.3324 

. 4950 

. 5049 

38 

23 

. 6109 

. 8891 

.5126 

. 8110 

.1349 

.3328 

. 4970 

. 5030 

37 

24 

. 6131 

. 3869 

.6121 

. 8162 

.1343 

.3331 

. 4989 

. 6011 

36 

25 

.66153 

.33847 

1.5116 

.88213 

1.1036 

1.3336 

.25008 

.74992 

35 

26 

. 6175 

. 3825 

.5111 

. 8265 

.1329 

.3388 

. 5027 

. 4973 

34 

27 

. 6197 

. 8803 

.5106 

. 8317 

.1323 

.3342 

. 6047 

. 4953 

38 

28 

. 6218 

. 3781 

.5101 

. 8369 

.1316 

.3345 

. 5066 

. 4934 

32 

29 

. 6240 

. 3760 

.5096 

. 8421 

.1309 

.3348 

. 5085 

. 4915 

31 

80 

.66262 

.33738 

1.5092 

.88472 

1.1303 

1.C052 

.25104 

.74895 

30 

81 

. 6284 

. 3716 

.6087 

. 8524 

.1296 

.3355 

. 6124 

. 4876 

29 

82 

, G305 

. 3694 

.5082 

. 8576 

.1290 

.3350 

. 5143 

. 4857 

28 

S3 

. 6327 

. 8673 

.5077 

. 8628 

.1288 

.3362 

. 5162 

. 4838 

27 

34 

. 6349 

, 3651 

.5072 

. 8680 

.1276 

.3366 

. 5181 ■ 

. 4818 

26 

35 

.66371 

.33629 

1.5067 

.88732 

1.1270 

1.3369 

.25201 

.74799 

25 

86 

. 6393 

. 3607 

,5062 

8784 

.1263 

.8372 

. 6220 

. 4780 

24 

87 

. 6414 

. 3586 

.6057 

. 8836 

-1257 

' .3376 

. 5230 

. 4760 

23 

38 

. 6436 

. 3564 

.5052 

. 8888 

.1250 

.3379 

. 6259 

. 4741 

22 

39 

. 6458 

. 3542 

.5047 

. 8940 

.1243 

.3383 

, 6278 

. 4722 

21 

40 

.66479 

.33520 

1.5042 

.88992 

1.1237 

1.33S6 

.25297 

-74702 

20 

41 

. 6501 

. 3499 

.5037 

. 9044 

.1230 

.3390 

. 6317 

. 4683 

19 

42 

. 6523 

. 3477 

.5032 

. 9097 

.1224 

.3393 

. 5336 

. 4664 

18 

43 

. 6545 

i . 3455 

,6027 

. 9149 

.1217 

.3397 

. 5355 

. 4644 

17 

44 

. 6566 

. 3433 

.5022 

. 9201 

.1211 

.8400 

. 6375 

, 4625 

16 

45 

.66588 

.33412 

1.5018 

.89253 

1.1204 

1.3404 

.25394 

.74606 

15 

46 

• . 6610 

. 3390 

.5013 

. 9306 

.1197 

.3407 

. 5414 

. 458G 

14 

47’ 

. 6631 

. 3368 

.5008 

. 9358 

.1191 

.3411 

. 6433 

. 4567 

13 

48 

. 6653 

. 3347 

.5003 

- 9410 

.1184 

.3414 

. 6452 

. 45-18 

12 

49 

. 6675 

. 3325 

.4998 

- 9463 

.1178 

.3418 

. 6472 

. 4528 

11 

50 

,66697 

.33303 

1.4993 

.89515 

1.1171 

1.3421 

.25491 

.74509 

10 

51 

. 6718 

- 3282 

.4988 

. 9567 

,1165 

.8425 

. 6510 

. 4489 

9 

52 

. 6740 

. 3260 

.4983 

. 9620 

.1158 

.3428 

. 5530 

. 4470 

8 

53 

. 0762 

. 3238 

.4979 

. 9672 

.1152 

.8432 

. 6549 

. 4450 

7 

54 

. 6783 

. 3217 

.4974 

. 9725 

.1145 

.3435 

. 6569 

. 4431 

6 

55 

.66805 

-33195 

1.4969 

.89777 

1-1139 

1.3439 

.26588 

.74412 

5 

56 

. CS26 

. 3173 

.4964 

. 9830 

.1132 

.3442 

. 5608 

. 4392 

4 

67 

. €848 

. 3152 

.4959 

. 9882 

.1126 

.8446 

. 5627 

, 4373 

3 

58 

. 6870 

. 3130 

.4954 

. 9935 

.1119 

.3449 

. 5647 

. 4353 

2 

59 

- 6891 

. 3108 

.4949 

. 9988 

.1113 

.8453 

. 5666 

. 4334 

1 

60 

. 6913 

. 3087 

.4945 

.90040 

.1106 

.8456 

. 6685 

. 4314 

0 

m7 

Ooaiiie. 

Vrs. sin. 

Secant, 

Co tang. 

Tang. 

Cosec’nt 

Vrs. cos. 

Sine. 
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42® Natural Trigfonometrical Functions. 137® 

M. I Sino. IVrfj. oopj T:"s"fr. ^ S"'^.nt. ^'"Vr^. pfnJ Co~:r:-'* 


0 

.00013 

.3:;v"7 

1. 5 

.ill ; ;j 

1.11 ffi 

. l.:)-l ‘G 

.25(:"5 

: .TJ:n 1 

I'.r 

1 


. SO'o 

.-;o ■ 

. C.-'3 

.1 :{ .) 


. blL'O 

, . *12-;.5 

;'.o 

2 

. 0. 50 

. 1 

.40:;.‘> 

. ci:-;> 

.lOi-l 

.:8;c.;.) 

. 5-. 24 

i . 4275 

•58 

3 

. 0-.-78 

! . i-.o-'O 

.49:=: ^ 

. o:i‘3 

.1 ■.•"■.) 

. .340.7 

„ 57-11 

: . 4256 


4 

. r.ooo 

. 3.;. 5 

. ly.i.o 

. 02->l 


. .347(1 

. 570:) 

! . -1>:Vj 

r-O) 

5 

.0 . i-ii. 

.3207:) 


, .r*3.:.-4 

1.1 

l.H-471 

.2.17":) 



6 

. 7043 

1 . 2;'r>7 

.-rOi'i 

i . C..57 

.i:(;7 

■ .3177 

. .">"''V2 

i . 4V:-7 

y-x 

7 

. 7 01 

= . 22::o 

.4;)li 

! . ( ;'0 


i .3-1-81 

. :S->-2 

. . -ILTS 

53 

s 

. 7.:8o 

; . 29-4 


. ( : ■ 

. .l.;0.i 

■ .3! "5 

. 58 ;i 

41.5S 


0 

. ! s J / 

■ . 2*,';m 

.40 .*1. 

. ( -3 5 

.I-/ 48 

j .:-;4".8 

. 5^61 

. 4.. . 19 

ri 

1^ 

.07120 

: .3 V7I. 

3.:8;-7 

.9 3,S 

1.70 11 



.74119 

50 

11 

. 71.30 

j . 2^:;> 


. (. :2i. 

. .:035 

; --5 

. 5900 

. -11 00 

-19 

1-2 

7 ;-■> 

. 2.* -8 

.48.<7 

. o.;v4 

! .1 j2S 

.3199 

. 50:9 

. 4080 

-48 

l‘A 

. 719-1 

1 . 28i..5 


. (.7 .^7 

.1.;.22 

i .35^72 

. 50:t9 

. 4-J61 

-17 

1 = 

. 721.> 

. 27".,) 

"77 

. (7."'.> 

: .10:5 

.3 - G 

■ . 5959 

. -I./- 11 

. 46 

ir» 

.1" . ;.::i7 

.Si/*;:) 

1.1 ^73 

.CC9)1 

3.1010 

: 1.:):'j9 

.2507S 

.7.; !■■*■>. 

' -15 

in 

- 7238 

. 2712 

.-SiS 

. C""7 

.14-1.3 

.3913 

. 5998 


; 4-1 

17 

. 7280 

. 272'.) 


. 0910 

.O-X*) 

.8517 

. Gl.'l? 


! ‘i3 

1^ 

. 7 3:'l 

. 2009 

.4"."iS 

. c:y3 

-(.■Oi- ) 

* .3-'20 


. 3:)0.3 

■ -4 2 

ly 

. 7:i23 

m 

A<: 1 

. lOM 

■ .0083 

! .8-:.2i 

. 6., 56 

. 39 l:;) 

■11 

20 

.(:7:!-l-l 

.32'7''’) 


.01;. 00 

1.0. 77 

. :.:'>.''v27 

-SOOTG 

.7:'.921- 

. ■"•0 

21 

. 73'.‘0 

. 2i;:?4 

• sn. 

. j'5:i 

. .•-•.•71 

• .:'5:)1 

. 6('96 

. 3;V>-4 

: 39 

O') 

. 7387 

. 2613 


. 12'.h) 

: .(•;:• i 


. Gi1.> 

. 3."".% 

3>8 

2;1 

. 7100 

. 2501. 


. 1250 

I .o<j.:-" 

■ .3.0)}8 

. (’.CC) 

. 386”> 

■ ITT 

2-1 ! 

. 7 130 

. 2570 


. 1 ;i2 



. -7)51 

. 3>«1."> 

3.0 

20 

.C7l->2 



.9::‘'V) 

. I.'.:-;') 

' l.:Jo-15 

.;';0>i 74 

.7.',"2<) 

3-6 

20 

. 7173 

. 2-")i7 


. 1119 

.09:19 

.3549 

. GI91 

. 380-5 

34 

27 

. lO.") 

. 25.'5 


. J 17:< 

>i03-> 

.3-v52 

. (>•.:: 3 

. 37."7 

33 

28 , 

- 7510 

. 2451 

.I-IL 

. l .V2*3 

.0926 

.3:.56 

. 6233 

. 3767 

32 

22 . 

7337 

. 2;'‘2 

.4 " •> 

. l.vSO 



. 62.j.3 

. 37-17 

31 

30 ■ 

.07359 

.3-.'l 11 

1. -.': 2 

.<•'333 

3.«0:3 

l.:r)03 

.262.7^; 

.7:1723 

30 

31 

. 7;'.-0 

. 2:: 9 

. ; . 7 

. Ji‘87 

.(■'..H 7 


. Gi-92 

. 370-3 

29 

32 

. 7. ■02 

, 2,V.\H 

.47. 2 

. 1710 

.OGl •' 

.3771 

. 0311 


"8 

33 

. 7r9M : 

1 « 

. 4 : .".H 

. 17*. *4 

.(■"9-1 

.357-1 

. G3')l ! 

. 36'5<J 

■27 

31 

. 7 ■. ‘-13 j 


.17.":i 

. 1"17 


.:v'7-8 

. G3.-)l = 

. ■8")49 

‘20 

3," 

.0' I’Oo ‘ 

1 1 

1.47-8 

.OK 'i 

1.0 "81 


.2-5:?7i . 

.73629 

•25 

30 

. 7-:88 1 

723:2 

. ‘‘.'7 1 

. .1 


i .:;.-)"5 

- Gl '.'O ; 

. 3 -710 

24 

37 

. 77(.0 1 

1 , 22ia 

.iV- i) • 

. 2::8 

.080.8 

.:rso 

. 6410 ! 

. :;590 

23 

3s ; 

. 7730 i 

. 2200 

.:7i‘+ 1 

•> ,;2 

.•""•'2 

j .35-,.-.> 

. Gi::0» . 

. 3570 

•■*2 

SI) ' 

. _773-2 j 

. Sis 

.-)7«-..) 

*.r. 16 



. G-: :y : 

. 3551. 

2T 

*10 


.3::2. 7 

i.;:.:3 ■ 


i.i"-.:- 


.■.'■I. J O.' 

.735:1 L 

20 

■n. ! 

l' 7791 1 

. 22:5 

.■;7.--) 

. 222.3 

'■■';43 

-I'OO:) 

. 'll")) i 

. 3511. 

J.9 

12 i 

. 7810 

. 21>1 

.■17-:*.) 

. '*' ■ 7 

.C":)7 


. Gi'.O'S j 

■ 

13 

4:1 . 

. 7r:s7 

. 21.; ) 

!-r,4i 

. 23: n. 



. G:'>2iS ■ 


17 

■IL i 

. 7" 39 ; 

. 2! 11 

. i 

. 23." "> 

.O-Vii 


. 05 iS 

. 3i.5 > 

16 

■jr) 

.0-7 ."80 : 

.32-: _■) 

1.47: .2 

.92430 

1.0."1 

1 8 

.2-‘i-)iS 

.7:M::° 

15 

-M 

. 7001 1 

. 2or.s 

.4727 

. 2:03 

.(..s:2 1 


. (>-:»"7 

. Cl!2 

11 

47 

. 7y-:3 i 

, 20 ;7 

.■•.723 

J.7 

.08O-> ' 


. C0(*7 ' 


13 

48 

. 7044 . 

. 2iJ'.riy 

.)71.S 

J 2607 

.<>7!-.' 

.3.:2<9 

. G0>27 1 

. £373 

22 

40 S 

. 7i4>3 1 

. 2v,':U 

.471.3 

. 2r57> 

.(79.) 

.3083 

. 0»0-i7 . 

. 3:’5:) 

Tl 

ro ■ 

.o7:‘"7 I 

.320:3 

l.-::-.o ; 

.927; 0 

1.37^-; , 

, 1. 

,200.06 : 

.7.::?::;7 

3-0 

51 

. 8-'(:'8 ■■ 

. .I'.V.'i 

.:7* 1 : 


.• 7."-0 

.iy; 10 

. 0>(>0> i 

. 3:511 

9 

52 

. 8029 

. 1970 


I 2-"i7 

.( 7'. 1 

.Si'. *4 

. C . C-G 

. 3291 

8 

53 

. 8051 ■ 

. 1 

.4305 . 

. 2871. 

.0707 

.;)■■■ 17 

. (>720) 

. 3271 

7 

5-1 ; 

. 8072 

.1 OVS 


. 292'> 

.(.■TO? 

.30:M 

. 0716 

. ;-=.2-">i 

0 

C\> 

.08003 ' 


l.i-.-.'O 

.92080 

l.i-7:5 

1.3-4.j-3 

.2* 170-5 

.7.523 1 

5 

50 . 

.5115 ■ 

. 18"5 


. 3031 

.07 :o 


• ’3 42 ! 

. 3215 

4 

57 

. 8130 1 

. I."*:-! 

.4r. 6 

0 

.•■7;2 ' 

.3;*'»2 

. 1 ' 

. I’’ I (- 5 

3 

58 

. 8157 1 

. 18::-) 

.4'‘i72 

. 3' :3 


•o» 

. G82.5 . 

. 317 -:) 

0 

50 

. 83 T£ 

. l.''2L 

. 5'-r.7 

310/ 

i .C V- ■) 

.3':oi<i 

. ().":■) j 

. 3155 

■ 1 

('»() 

. S-.'l.O 1 

. l^-. O 

.4>:V.i;.> 


.I7..i 

.3673 


. 3i::r> 

0 

M. 


Vrs. .•^in. 

St'caiit. 

t'.'ora'i'.'r. 



Vr.-?. 'TO:!.' 

Sine. 


132° 
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NATURAL FUNCTIONS 


Table 3 


430 Natural Trisronometrical Functions- 136® 


M. 

! Pin 

f'C/'r. 

1 ’nl 


CotaTKT. 

^ Secant. 

1 1'V’r®. C'’’! 

1 

Iv,-. 

0 

■ .G'^21'0 

.3 IS DO 

i.; -> -.J 

.9325L 

l.CT-.U 

■ .L:>vr3 

.'J'.'.r .■).,) 

.T> ■ 

GO 

1 

; . s:22l. 

. ]77i) 

. i 


.07 jT 

■ .3'‘-r 


: . ;r: ■-■> 

-“>9 

2 

: . 

. 1758 



■ .0711 

-;V.s 1 

« ( 1 

1 . 


0 

: . 82-jl 

i . D73-J 

.L":9 

1 . 



. tv;2i 

. H'.ITC, 


■i 


■ . 37':.'> 

; .6-5ii 

-.31 69 

.CC:>0 

-s 

. O.'I-i 


.■>0 

0 

I .6S306 

: 

, 1 . '■ ; : .) 


■ l.CG.'ii 



.73‘-:ir. 

<>■» 

G 

■ . ? ->27 

i . 1''73 

.4'« 

; . 3.->V8 

.(■■-> 


. 

. li'.yio 

5i 

7 

- 

, . 1 


■ . 3 ; ;3 



. T’-'O-t 


53 

S 

. >o“0 

- 16 :■,) 


. 

.r->7i 

.>■7- '3 


. 2iK(> 

52 

9 

- 8391 

. 1609 

.4622 

. 3742 

.0667 

.3707 

. 7043 

. 2956 

51 

10 

.68412 

.31588 

1.4617 

.93797 

1.0661 

1.3710 

.27063 

.72937 

50 

U 

. 8433 

. 1566 

.4613 

. 3851 

.0655 

.3714 

. 7083 

. 2917 

49 

12 

. 8455 

. 1545 

.4608 

. 3906 

.0649 

-3718 

. 7103 

. 2897 

48 

13 

. 8476 

. 1524 

,4604 

. 3961 

.0643 

.3722 

. 7123 

. 2877 

47 

14 

. 8497 

. 1503 

,4599 

. 4016 

.0636 

.3725 

. 7143 

. 2857 

46 

15 

.68518 

.31482 

1.4595 

.94071 

1.0630 

1.3729 

.27163 

.72837 

45 

16 

. 8539 

. 1460 

.4590 

. 4125 

.0624 

.3733 

. 7183 

- 2317 

44 

17 

. 8561 

. 1439 

.4586 

. 4180 

.0618 

.3737 

. 7203 

. 2797 

43 

18 

. 8582 

, 1418 

.4581 

. 4235 

.0612 

.3740 

. 7223 

- 2777 

42 

19 

. 8603 

. 1397 

.4577 

. 4290 

.0605 

.3744 

. 7243 

. 2757 

41 

20 

.68624 

.31376 

1.4572 

.94345 

1.0599 

1.3748 

.27263 

.72737 

40 

21 

. 8645 

. 1355 

.4568 

. 4400 

.0593 

-3752 

. 7283 

. 2717 

39 

22 

. 8666 

. 1333 

.4563 

. 4455 

.0587 

.3756 

. 7302 

. 2097 

38 

23 

• 8688 

. 1312 

.4559 

. 4510 

.0581 

.3759 

. 7322 

. 2077 

37 

36 

24 

. 8709 

. 1291 

.4554 

. 4565 

.0575 

.3763 

. 7342 

. 2657 

26 

-68730 

.31270 

1.4550 

.94620 

1.0568 

1.3767 

.27362 

.72637 

35 

26 

. 8751 

. 1249 

.4545 

. 4675 

.0562 

.3771 

. 7382 

, 2617 

34 

27 

. 8772 

. 1228 

.45 il 

. 4781 

.0556 

.3774 

. 7402 

. 2597 

33 

28 

. 8793 

. 1207 

.4536 

. 4786 

.0550 

..3778 

. 7422 

. 2577 

32 

29 

. 8814 

. 1186 

.4532 

; 4841 

.0544 

.3782 

. 7442 

. 2557 

31 

80 

.68835 

.31164 

1.4527 

.94896 

1.0538 

1.3786 

.27462 

.72537 

30 

81 

. 8856 

. 1143 

.4523 

. 4962 

.0532 

.3790 

. 7482 

, 2517 

29 

82 

. 8878 

. 1122 

.4518 

. 6007 

.0525 

.3794 

. 7503 

1 . 2497 

28 

S3 

. 8899 

. 1101 

.4514 : 

. 5062 

.0519 

.3797 

. 7523 

, - 2477 

27 

84 

. 8920 

. 1080 

.4510 

. 6118 

.0513 

.3801 

. 7543 

' . 2467 

26 

35 

.68941 

.31059 

1.4505 

.95173 

1.0507 

1,3805 

.27503 

.72437 

25 

36 

. 8962 

- 1038 

.4501 

. 5229 

.0501 

.3809 

. 7583 

. 2417 

24 

37 

. 8983 

. 1017 

.4496 

. 5284 

.0495 

.3813 

. 7603 

. 2397 

23 

38 

. 9004 

, 0996 

,4492 

. 5340 

.0489 

.3816 

. 7623 

. 2377 

22 

89 

. 9025 

. 0975 

.4487 

. 5395 

.0483 

.3820 

. 7643 

. 2357 

21 

40 

.69046 

.30954 

1.44S3 

.95451 

1.0476 

1.3824 

.27663 

.72337 

20 

41 

. 9067 

. 0933 

.4479 

. 5506 

.0470 

.3828 

. 7683 

. 2317 

19 

42 

. 9088 

. 0912 

-4474 

. 5562 

.0464 

.3832 

. 7703 

. 2297 

18 

43 

. 9100 

. OSOl 

-4470 

. 5618 

,0458 

-3836 

. 7723 

. 2277 

17 

44 

. 9130 

. 0870 

.4465 

. 5673 

.0452 

.3839 

. 7743 

. 2256 

16 

45 

.69151 

.30849 

1.4461 

.95729 

1.0446 

1.3843 

.27764 

-72230 

15 

46 

. 9172 

. 0828 

.4457 

. 5785 

.0440 

.3847 

. 7784 

. 2216 

14 

47 

. 9193 

- 0807 

.4452 

. 5841 

.0434 

.3851 

. 7804 

. 2190 

13 

48 

. 9214 

. 0786 

.4448 

, 5S96 

.0428 

.8855 

. 7824 

. 2176 

12 

49 

, 9235 

. 0765 

.4443 

, 5952 

.0422 

.3859 

. 7844 

. 2156 

11 

60 

.69256 

-30744 

1,4439 

.96008 

1.0416 

1.3863 

.27804 

.7213C 

10 

51 

. 9277 

. 0723 

-4435 

. 6064 

.0410 

.3867 1 

. 7884 

. 2115 

9 

52 

. 9298 

. 0702 ; 

.4430 

. 61-20 

.0404 

.387(? 

. 7904 

. 2095 

8 

53 

. 9319 

. 0681 

.4426 

. 6176 

.0397 

.3874 

. 7925 

. 2075 

7 

54 

. 9340 

. 0660 

-4422 

. 6232 

.0391 

.3878 

, 7945 

. 2055 

6 

55 

.69361 

.30639 

1.4417 

.96288 

1-0385 

1.3882 

-27965 

-72035 

5 

56 

, 9382 

. 0618 

.4413 

. 6344 

.0379 

.3886 

. 7985 

. 2015 

4 

67 

. 9403 

. 0597 

.4408 

. 6400 

.0373 

.3890 

. 8005 

. 3994 

3 

68 

. 9424 

. 0576 

.4404 

. 6456 

.0367 

.3894 

. 8026 

. 1974 

2 

59 

. 9445 

. 0555 

.4400 

. 6513 

.0361 

.3898 

. 8040 

. 1954 

1 

60 

. 9466 

. 0534 

.4395 

, 6569 

.0355 

.3902 

. 8066 

. 1934 

0 

m7 

Cosine. 

Vrs- ein.i 

Secant. 

Gotang. 

Tang. 

Gosec’nt t 

■Vrs. cos. 

Sine. 
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44° Natural Trigonometrical Functions. 135° 


Ht. 

Sine. 

Vrs. cos. 

CoBec’nt 

Tans?. 

' r. 



C. 


0 

.69466 

.30534 

1.4305 

.96569 

= 3.0355 

1.3V( > 



'■ 00 

1 

. 94S7 

. 0513 

.4391 

a 6625 

1 .0319 



. 4 

59 

2 

. 9508 

. 0492 

.4387 

. 6681 

.03 ;3 



a 

58 

s 

. 9528 

. 0471 

.4382 

. 6738 


. 39:3 

. ^1.27 

. 1. 

;i7 

4 

. 9549 

. 0450 

.4378 

. 6794 

: .0331. 

.3v‘':7 

. 8; 17 


56 

6 

.69570 

.30430 

1.4374 

.96850 

1.0.:j5 

i.3:'M 




6 

a 9591 

a 0409 ■ 

.4370 

. 6907 


.3: 


. 

.■>4 

7 

9612 

. 0388 

.4365 

. 6063 

: .03:3 

.3923 

. 8298 

. 179> 

53 

8 

. 9633 

. 0367 

.4361 

. 7020 

.0307 

.3933 

a 8228 

. 1772 

52 

9 

. 9654 

. 0346 

.4357 

. 7076 

.0301 

.3937 

. 8248 

. 1752 

51 

10 

.69675 

.30325 

1.4352 

.97133 

1.0295 

1.3941 

.28268 

.71732 

50 

11 

. 9696 

. 0304 

.4348 

. 7189 

-02S9 

.3945 

. 8289 

a 1711 

49 

12 

. 9716 

. 0283 

-4344 

. 7246 

.0283 

.3949 

. 8309 

a 1691 

48 

13 

. 9737 

. 0263 

.4339 

. 7302 

-0277 

.3953 

. 8329 

. 1671 

47 

14 

. 9758 

. 0242 

.4335 

. 7359 

.0271 

-3957 

. 834C 

. 1650 

46 

15 

.69779 

.30221 

1.4331 

.97416 

1-0265 

1.3960 

.28370 

.71630 

45 

16 

. 9800 

. 0200 

.4327 

. 7472 

.0259 

-3964 

. 8390 

a 1610 

14 

17 

. 9821 

a 0179 

.4322 

a 7529 

.0253 

.3968 

. 8410 

a 1589 

43 

18 

. 9841 

a 0158 

.4318 

. 7586 

.0247 

.3972 

. 8431 

a 1569 

42 

19 

. 9862 

. 0138 

.4314 

. 7643 

.0241 

.3976 

. 8451 

. 1549 

41 

20 

.69883 

.30117 

1.4310 

.97699 

1,0235 

1.39S0 

.23471 

.71529 

40 

21 

. 9904' 

. 0096 

.4305 

. 7766 

.0229 

.3984 

, 8492 

. 1508 

39 

22 

. 9925 

. 0075 

.4301 

. 7813 

.0223 

.3988 

. 8512 

. 1488 

38 

23 

. 9945 

. 0054 

-4297 

. 7870 

.0218 

.3992 

. 8532 

. 1468 

37 

24 

. 9966 

. 0034 

.4292 

. 7927 

.0212 

.3996 

. 8553 

. 1447 

36 

25 

.69987 

.30013 

1.4288 

.97984 

1.0206 

1.4000 

.28573 

.71427 • 

35 

26 

.70008 

.29992 

.4284 

- 8041 

.0200 

.4004 

. 8593 

a 1406 

34 

27 

. 0029 

a 9971 

.4280 

. 8098 

.0194 

.4008 

. 8614 

. 1386 

33 

28 

. 0049 

a 9950 

.4276 

- 8155 

.0188 

.4012 

. 8634 

a 1366 

32 

29 

. 0070 

a 9930 

,4271 

. 8212 

.0182 

.4016 

. 8654 

a 1345 

31 

30 

.70091 

.29909 

1.4267 

.98270 

1.0176 

1.4020 

.28676 

.71325 

30 

31 

. 0112 

. 9888 

.4263 

a 8327 

.0170 

.4024 

. 8695 

a 1305 

29 

32 

. 0132 

a 9867 

.4259 

a 8384 

.0164 

-4028 

. 8716 

a 1284 

28 

33 

. 0153 

. 9847 

.4254 

._8441 

.0158 

.4012 

. 8736 

a 1264 

27 

34 

. 0174 

. 9826 

.4250 

. 8499 

.0152 

.4036 

. 8756 

. 1243 

26 

35 

-70194 

.29805 

1,4246 

.98556 

1.0146 

1.4010 

.28777 

.71223 

25 

36 

. 0215 

. 9785 

,4242 

. 8613 

.0141 

.4044 

. 8797 

a 1203 

24 

37 

. 0236 

. 9764 

.4238 

. 8671 

.0135 

.4048 

. 8818 

. 1182 

■23 

38 

. 0257 

. 9743 

.4233 

. 8728 

.0129 

.4052 

. 8838 

. 1162 

22 

39 

. 0277 

. 9722 

.4229 

. 8786 

.0123 

.4056 

. 8859 

. 1141 

21 

40 

.70298 

.29702 

1.4225 

.98843 

1.0117 

1.4000 

.28879 

-71121 

20 

41 

. 0319 

. 9681 

.4221 

. 8901 

.0111 

.4JG5 

. 8899 

. 1100 

19 

42 

. 0339 

. 9660 

.4217 

. 8958 

.0105 

.4009 

. 8920 

. 1080 

IS 

43 

. 0360 

. 9640 

.4212 

, 9016 

.0099 

.4073 

. 8940 

. 1059 

17 

44 

. 0381 

. 9619 

.4208 

. 9073 

.0093 

.4077 

. 8961 

. 1039 

16 

45 

.70401 

.29598 

1.4204 

.99131 

1.00S8 

1.40S1 

.28981 

.71018 

15 

46 

. 0422 

. 9578 

.4200 

. 9189 

.0082 

.4085 

. 9002 

, 0998 

14 

47 

. 0443 

- 9557 

-4196 

. 9246 

.0076 

.4089 

. 9022 

. 0977 

13 

48 

0463 

. 9536 

.4192 

. 9304 

.0070 

; .4093 

. 9043 

. 0957 

12 

49 

, 0484 

. 9516 

.4188 

. 9362 

-0064 

.4097 

. 9063 

. 0936 

11 

50 

.70505 

.29495 

1.4183 

.99420 

1.0058 

l.UOl 

.29084 

-70916 

10 

51 

. 0525 

. 9475 

.4179 

. 9478 

.0052 

.4105 

. 9104 

. 0895 

9 

62 

. 0546 

. 9454 

.4175 

. 9536 

.0047 

.4109 

. 9125 

- 0875 

8 

63 

. 0566 

- 9133 

.4171 

. 9593 

.0041 

.4113 

. 9145 

. 0854 

7 

64 

- 0587 

. 9113 

.4167 

. 9651 

.0035 

.4117 

. 9166 

. 0834 

6 

65 

.70608 

.29392 

1.4163 

.99709 

1.0029 

1.4122 

,29186 

-70813 

5 

56 

. 0628 

- 9372 

.4159 

. 9767 

.0023 

.4126 

. 9207 

. 0793 

4 

57 

. 0649 

. 9351 

.4154 

. 9826 

.0017 

.4130 

, 9228 

. 0772 

3 

58 

. 0669 

. 9330 

.4150 

. 9884 

.0012 

.4134 

. 9248 

. 0752 

2 

59 

, 0690 

. 9310 

.4146 

. 9942 

.0006 

.4138 

9269 

a 0731 

1 

60 

. 0711 

9289 

.4142 

1.0000 

.0000 

: .4142 

. 9289 

. 0711 

!_? 

M. 

Cosine. 

Vrs. fiin.l 

1 Secant- 

Cotan^. 

Tang. 

Cosec ’nt 

IVrs. cos. 

Sine. 




Table 4 


342 SQUARES, CUBES AND ROOTS 


Squares, Cubes, Square Roots, Cube Roots, CiRCUMrERENCEs 
and Circular Areas or KTos. rrom i to 520 


.No. 

Square 

Cube 

Sq. Root 

Cube Root 

( Circle 

Circura, 

Area 

I 

X 

I 

1. 0000 

1 .0000 

3.142 

0-7854 

2 

4 

8 

1,4142 

1.2599 

6.283 

3.1416 

3 

9 

27 

1.7321 

1.4422 

9-425 

7.0686 

4 

16 

64 

2.0000 

1.5874 

12.566 

12.5664 

S 

25 

125 

2.2361 

1. 7100 

15.708 

19-6350 

6 

3<5 

216 

2.4495 

1,8 ■'71 

1S.850 

28.2743 

7 

49 

343 

2.6458 

I -91 29 

21.991 

38.4845 

8 

64 

512 

2.8284 

2 -0000 

25-133 

50-2655 

9 

81 

729 

3.0000 

2.0801 

28.274 

63.6173 

10 

100 

1000 

3.1623 

2.1544 

31.416 

78.5398 

II 

121 

1331 

3.3166 

2.2240 

34-558 

95-033 

12 

144 

1728 

3-4641 

2.2894 

37.699 

1 13.097 

^3 

169 

2197 

3.6056 

2.3513 

40.841 

132.732 

14 

196 

2744 

3-7417 

2.4101 

43-982 

153-938 

15 

225 

337 S 

3-8730 

2.4662 

47.124 

176.715 

16 

256 

4096 

4.0000 

2.5198 

50.265 

201.062 

17 

289 

4913 

4.1231 

2-5713 

53-407 

226.980 

18 

324 

5832 

4.2426 

2.6207 

56-549 

254.469 

19 

361 

6859 

4-3589 

2.6684 

59.690 

283.529 

20 

400 

8000 

4.4721 

2.7144 

62-832 

314.159 

21 

441 

9261 

4.5826 

2.7589 

65-973 

346.361 

22 

484 

IO64S 

4.6904 

2.8020 

69.115 

380-133 

23 

529 

12167 

i 4.7958 

2.8439 

72.257 

4.15.476 

24 

576 

13824 

4.8990 

2.8845 

75-398 

452.389 

25 

625 

15625 

5 .0000 

2.9240 

78.540 

490.874 

26 

676 

17576 

5.0990 

2.9625 

81.681 

530.929 

27 

729 

19683 

5.1962 

3.0000 

84.823 

572.55s 

28 

784 

21952 

5-2915 

3-0366 

87.965 

615.752 

29 

841 

24389 

5-3852 

3.0723 

91-106 

660.520 

30 

goo 

27000 

5-4772 

3.1072 

94.248 

706.858 

31 

961 

2979I 

5-5678 

3.1414 

90.389 

754.768 

32 

1024 

32768 

5.6569 

3.174S 

100.531 

804.248 

33 

1089 

35937 

5.7446 

3-2075 

103.673 

855-299 

34 

1156 

39304 

5-83^0 

3-2396 

106.814 

907.920 

35 

1225 

42875 

5.9161 

3-2711 

109.956 

962.113 . 

3 ^ 

1296 

46656 

6.0000 

3-3019 

113.097 

T017.88 

37 

1369 

50653 

6.0828 

3-3322 

116.239 

1075.2 jd 

38 

1444 

54872 

6.1644 

3.3620 

119-381 

I134.IX 

39 

1521 

59319 

6.2450 

3.3912 

122.522 

1194.59 

40 

1600 

64000 

6.3246 

3.4200 

125.660 

1256.64 



Table 4 SQUARES, CUBES ANU ROOTS 


343 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 

AKT) CiRCUXAR ArEAS OF jlSTOS. PROM I TO $20 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Cjrci-e 

Circum. 

Area 

41 

i68r 

68921 

; 6.4031 

3.4482 

128.81 

1320.25 

42 

1764 

740S8 

6.4807 

3-4760 

131-95 

1385.44 

43 

1849 

79507 

< 5-5574 

3 - 5'^34 

135-09 

1452.20 

44 

1936 

85 1 84 

6.6332 

3-5303 

138.23 

1520-53 

45 

2025 

91125 

6.7082 

3-5569 

14X-37 

1590.43 

46 

2116 

97336 

6.7823 

3-5830 

144 - 5 X 

1661.90 

47 

2209 

103823 

<3-8557 

3-6088 

X47-65 

X 734.94 

48 

2304 

I 10592 

6.9282 

3.6342 

150.80 

1809.56 

49 

. 2401 

117649 

7.0000 

3 - 6^93 

153-94 

1885.74 

50 

2500 

125000 

7.O7II 

3.6840 

157-08 

i 1963.50 

51 

2601 

132651 

7.I4I4 

3.7084 

160.22 

2042 .82 

52 

2704 

140608 

7.2III 

3-7325 

163.36 

2123.72 

53 

2809 

148877 

7.2801 

3-7563 

166.50 

2206.18 

54 

2916 

157464 

7-3485 

3-7798 

169.65 

j 2290.22 

55 

3025 

166375 

7-4162 

3.8030 

172.79 

2375-83 

•56 

3136 

175616 

7-4833 

3-8259 

X 75-93 

2463.01 

57 

3249 

185193 

7-5498 

3-8485 

179.07 

2551-76 

58 

3364 

195112 

7.6158 

3.8709 

182.21 

2642-08 

59 

3481 

205379 

i 7.6811 

3-8930 

185-35 

2733-97 

60 

3600 

2 I 6000 

7.7460 

3.9149 

1S8.50 

2827.43 

61 

3721 

226981 

; 7.8102 

3-9365 

191.64 

2922.47 

62 

3844 

238328 

7.8740 * 

3-9579 

194.78 

301Q.07 

63 

3969 

250047 

7-9373 

3-9791 

197.92 

31x7.25 

64 

4096 

262144 

8.0000 

4.0000 

201.06 

3216.99 

65 

4225 

274625 

8.0623 

4.0207 

204-20 

33x8.31 

66 

4356 

287496 

8.1240 

4.0412 

207.35 

3421.19 

67 

4489 

300763 

8.1854 

4.0615 

210.49 

3525-65 

68 

4624 

314432 

8.2462 

4.0817 

213.63 

3631.68 

69 

4761 

328509 

8.3066 

4.1016 

216.77 

3739.28 

70 

4900 

343000 

8.3666 

4.1213 

219.91 

3848,45 

71 

5041 

3579II 

8.4261 ! 

4.1408 

223.05 

3959.19 

72 

5184 

373248 

i 8,4853 

4.1602 

226.19 

4071.50 

73 

5329 

389017 

1 S.5440 

4.1793 

229.34 

41S5.39 

74 

5476 

405224 

S-6023 

4.1983 

232.48 

4300.84 

75 

5625 

421875 

8.6603 

4.2172 

235.62 

4417.86 

76. 

5776 

438976 

8.7178 

4-2358 

238.76 

4536.46 

77 

5929 

456533 

; 8.7750 

4-2543 

241.90 

4656,63 

78 

6084 

474552 

8-8318 

4-2727 

245.04 

4778.36 

79 

6241 

493039 

8-S882 

4.290S 

248.19 

4901.67 

80 

6400 

512000 

1 8.9443 

4.3089 

25X-33 

5026.55 


344 SQUARES, CUBES AND ROOTS Table 4 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos, from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

[ CiRCLK 

Circum. 

Area 

8x 

6561 

53 1441 

9.0000 

4.3267 

254.47 

5153-00 

82 

6724 

551368 

9*0554 

4-3445 

257.61 

5281.02 

83 

6889 

571787 

9. 1104 

4-3621 

260.75 

5410.61 

84 

7056 

592704 

9.1652 

4-3795 

263 .89 

5541.77 

8s 

7225 

614125 

9.2195 

4.396S 

267.04 

5674.50 

86 

7396 

636056 

9.2736 

4.4140 

270.18 

5808.80 

87 

7569 

658503 

9.3274 

4.4310 

273.32 

5944-68 

88 

7744 

681472 

9.3808 

4.44S0 

276.46 

6082.12 

89 

7921 

704969 

9.4340 

4.4647 

279.60 

6221.14 

90 

8100 

729000 

9*4868 

4.4814 

2S2.74 

636X.73 

91 

8281 

753 S 7 I 

9*5394 

4.4979 

285 .88 

6503.88 

92 

8464 

778688 

9-5917 

4.5144 

289.03 

6647.61 

93 

8649 

804357 

9-6437 

4.5307 

292.17 

6792.91 

94 

8836 

830584 

9.6954 

4.5468 

295-31 

6939.78 

95 

9025 

857375 

9.7468 

4.5629 

298.45 

7088.22 

96 

9216 

884736 

9.7980 

4-5789 

301.59 

7238.23 

97 

9409 

9X2673 

9 .8489 

4.5947 

304.^3 

7389 -Si 

98 

9604 

94II92 

9.899s 

4.6104 

307.88 

7542.96 

99 

9801 

970299 

9.9499 

4.6261 

31 1 .02 

7697-69 

100 

10000 

lOOOOOO 

10.0000 

4.6416 

314-16 

7S53.98 

lOI 

10201 

I03030I 

10.0499 

4.6570 

317.30 

8011.85 

102 

10404 

1061208 

10.0995 

, 4.6723 

320.44 

8171.28 

103 

10600 

1092727 

10.1489 

' 4.6875 

323-58 

8332.29 

104 

I0816 

1x24864 

10.1980 

4.7027 

326.73 

8494.87 

105 

IIO25 

1157625 

10.2470 

4.7177 

329.87 

8659 .OJ 

106 

11236 

1x91016 

10.2956 

4.7326 

333-01 

8824.73 

107 

11449 

1225043 

X0.3441 

4.7475 

336.15 

8992.02 

108 

11664 

X2597I2 

10.3923 

4-7622 

339.29 

9160.88 

109 

11881 

1295029 

10.4403 

4-7769 

342.43 

9331-32 

no 

12 TOO 

I33IOOO 

10-4881 

4.7914 

345-58 

9503.32 

III 

I232I 

1367631 

10-5357 

4.8059 

348.72 

9676,89 

II 2 

12544 

- 1404928 

10.5830 

4.8203 , 

351-86 

9852,03 


12769 

. 1442897 

10.6301 

4.8346 

355 * 00 . 

10028,7. 

XI4 

12996 

1481544 

io -677 i ‘ 

4.8488 

358.14 

10207.0 


13225 

1520875 

10.7238 

4.8629 

361 .28 

10386.9 

116 

13456 

I560S96 

10.7703 

4.8770 

364.42 

10568.3 

1x7 

13689 

1601613 

10.8167 

4.8910 

367.57 

10751.3 

iiS 

13924 

1643032 

10.8628 

4.9049 

370.71 

10935.9 

1 19 

14161 

1685159 

10.9087 

4.9187 

373-85 

III 22-0 

120 

14400 

1728000 

10.9545 

4.9324 

376.99 

1 1309 .7 



Table 4 SQUARES, CUBES AND ROOTS 345 


Squares, Cubes, Squarle Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos, from i to 520 


ISTo, 

Square 

Cube 

Sq. Root 

Cube Root 

j Circle 

Circum. 

Area 

I 2 I 

14641 

1771561 

11.0000 

4.9461 

380.13 

1 1499.0 

122 

14884 

1815848 

11. 0454 

4.9597 

383-27 

1 1 689 .9 

123 

15129 

1860867 

lI-OQOt^ 

4-9732 

386.42 1 

11882.3 

124 

15376 

1906624 

II.I 35 S 

4.9866 

389-56 ! 

12076.3 

125 

15625 

1953125 

11.1803 

5.0000 

392.70 

I2271 .8 

126 

15876 

2000376 

11.2250 

5-0133 

395-84 

12469 .0 

127 

16129 

204S383 

11.2694 

5.0265 

398.98 

12667.7 

128 

16384 

2097152 

11-3137 

5-0397 

402.12 

1286S.0 

129 

16641 

2146689 

11-3578 

5.0528 

405.27 

13069.8 

130 

16900 

2197000 

1 1 .4018 

5.0658 

408.41 

13273.2 

I3I 

17161 

2248091 

11.4455 

5.07S8 

411-55 

13478.2 

132 

17424 

2200068 

11.4891 

5.0916 

414.69 

13684.8 

133 

17689 

2352637 

11.5326 

5-1045 

417*83 

13892.9 

134 

i 795<5 

2406104 

11-5758 

5.1172 

420.97 

14102.6 

135 

18225 

246037s 

11.6190 

5.1299 

424.12 

143 13 -9 

136 

18496 

2515456 

11.6619 

5.1426 

427.26 

14526.7 

137 

18769 

2571353 

11.7047 

5*1551 

430.40 

14741.1 

I3S 

19044 

2628072 

11.7473 

5-1676 

433-54 

14957-1 

139 

19321 

2685619 

11.7898 

5.1801 

436.68 

i 15174.7 

140 

19600 

2 744000 

11.8322 

5-1925 

439-82 

15393-8 

I4I 

19SS1 

2803221 

11.8743 

5.2048 

442.96 

15614.5 

142 

20164 

2863288 

11-9164 

5.2171 

446.11 

15836.8 

143 

20449 

2924207 

11.95S3 

5.2293 

449.25 

16060.6 

144 

20736 

2985984 

1 2 .0000 

S-2415 

452.39 

162S6.0 

I 4 S 

21025 

3048625 

12.6416 

5-2536 

455-53 

16513.0 

146 

21316 

3112136 

12.0830 

5.2656 

458.67 

16741.5 

147 

21609 

3176523 

12.1244 

5.2776 

461.81 

16971.7 

1 48 

21904 

3241792 

12.1655 

5.2896 

464.96 

17203.4 

149 

2220X 

3307949 

12.2066 

5-3015 

468.10 

1 7436.6 

ISO 

22500 

3375000 

12.2474 

5-3133 

471.24 

17671.5 

151 

22801 

3442951 

12.2882 

5-3251 

474.38 

17907-9 

152 

23104 

3511808 

12.32S8 

5-3368 

477.52 

18145.8 

^53 

23409 

: 35S1577 

12.3693 

S-3485 

480.66 

18385.4 

154 

23716 

3652264 

12.4097 

5-3601 

483-81 

18626.5 

155 

24025 

3723S75 

12.4499 

S-3717 

486.95 

18869.2 

156 

24336 

3796416 

12.4900 

5 -3832 1 

490.09 

19113.4 

157 

24649 

3869893 

12.5300 

5-3947 

493-23 

19359-3 

158 

24964 

3944312 

12.5698 

5.4061 

496.37 

i 19606.7 

159 

252S1 

4019679 

12.6095 

5-4175 

499 - 53 ^ 

19855-7 

160 

25600 

4096000 

12.6491 

5.4288 

502.65 

1 20106-2 


Table 4 


348 SQUARES, CUBES AND BOOTS 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos, from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

1 Circle 

Circum. 

Area 

241 

5S081 

13997521 

15.5242 

6.2231 

757.12 

45616.7 

242 

5^564 

14172488 

15-5563 

6.2317 

760.27 

45996.1 

243 

59049 

14348907 

13-5885 

6.2403 

763.41 

46377.0 

244 

59536 

14526784 

15.6205 

6.24S8 

766.55 

46759.5 

245 

60025 

14706125 

15-6525 

6-2573 

769.69 

47143-5 

246 

60516 

14886936 

15.6844 

6.2658 

772-83 

47529.2 

247 

61009 

15069223 

15.7162 

6.2743 

775-97 

47916.4 

248 

61504 

15252992 

15.7480 

6.282S 

779.12 

48305.1 

249 

62001 

15438249 

15-7797 

6.2912 

7S2.26 

48695.5 

250 

62500 

15625000 

15,8114 

6.2996 

785.40 

49087.4 

251 i 

63001 

15813251 

15.8430 

6.30S0 

7S8.54 

49480.9 

252 

63504 

16003008 

15-8745 

6.3164 

791.68 

49875.9 

253 

64009 

16194277 

13.0060 

6.3247 

794.S2 

50272.6 

254 

64516 

16387064 

15-9374 

6.3330 

797-96 

50670.7 

255 

65025 

1658137s 

15.9687 

6.3413 

Sol.ii 

51070.5 

256 ! 

65336 

16777216 

16.0000 

6.3496 

804.25 

51471-9 

257 

66049 

16974593 

16.0312 

6-3579 

807.39 

51874-8 

258 

66564 

17173512 

16.0624 

6.3661 

810.53 

52279-2 

259 

67081 

17373979 

16.0935 

6-3743 

813.67 

52685.3 

260 

67600 

17576000 

16.1245 

6.3825 

816.81 

53092.9 

261 

6S121 

17779581 

16.1555 

6.3907 

819.96 

53502.1 

262 

68 644 

17984728 

16-1864 

6.3988 

823-10 

53912.9 

263 

6 gz 6 < i ) 

18191447 

16.2173 

6.4070 

826.24 

54325-2 

264 

69696 

18399744 

16.24S1 

6.4151 

829.38 

54739.1 

265 

70225 

18609625 

16.27S8 

6,4232 

832.52 

55154.6 

266 

70756 

18821096 

16.3095 

6.4312 

835.66 

55571-6 

267 

712S9 

19034163 

16.3401 

6.4393 

838.81 

55990-3 

2 68 

7x824 

19248S32 

16.3707 

6-4473 

841.95 

56410.4 

269 

72361 

19465109 

16.4012 

6-4553 

845.09 

56832.2 

270 

72900 

196S3000 

16.4317 

6.4633 

848.23 

57255-5 

271 

73441 

19902511 

16.4621 

6.4713 

851.37 

57680.4 

272 

739^4 

20123648 

16.4924 

6.4792 

854.5^ 

58106.9 

273 

74529 

20346417 

16,5227 

6.4872 

857.66 

58534-9 

274 

75076 

20570824 

16.5529 

6.4951 

860 .So 

58964.6 

275 

75625 

20796875 

16.5831 

6.5030 

863.94 

59395-7 

276 

76176 

21024576 

16.6132 

6.5108 

867.08 

59828.5 

277 

76729 

21253933 

16.6433 

6.5187 

870.22 

60262.8 

278 

77284 

21484952 

16.6733 

6.5265 

873-36 

60698.7 

279 

77841 

21717639 

16.7033 

6.5343 

876.50 

61136.2 

280 

78400 

21952000 

16.7332 

6.5421 

879-65 

61575-2 



Table 4 SQUARES, CUBES AND ROOTS 349 


Sqxtajies, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of INTos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

[ Area 

281 

78961 

22188041 

16.7631 

6.5499 

8S2.79 

62015.8 

282 

79524 

2242CJ768 

16.7929 

6.5577 

885.93 

62458-0 

283 

80089 

22665187 

16.8226 

6-5654 

889.07 

62901.8 

284 

i 80656 

1 22906304 

16.8523 

6.5731 

892,21 

63347.1 

235 

81225 

23149125 

16.S819 

6.5808 

895-35 

63794.0 

286 

81796 

23393656 

; 16.9115 

6.5885 

898.50 

64242 -4 

287 

i 82369 

23639903 

! 16.9411 

6.5962 

901-64 

64692.5 

288 

82944 

23S87S72 

16.9706 

6.6030 

904.78 

65144.1 

289 

83521 

24137569 

17.0000 

6-6115 

907.92 

65597-2 

290 

84100 

24389000 

17,0294 

6-6191 

911.06 

66052.0 

291 

i 84681 

24642171 

17.0587 

6,6267 

914.20 

66508.3 

292 

! 85264 

24897088 

17.0880 

6.6343 

9x7*35 

66966.2 

^ 9 S 

i 85849 

25153757 

I7.II72 

i 6.6419 

920.49 

67425.6 

294 

i 86436 

25412184 

17.1464 

1 6.6494 

923*63 

67886.7 

295 

87025 

25672375 

17.1756 

6.6569 

926.77 

68349.3 

296 

87616 

25934336 

17.2047 

6.6644 

929 .91 

68813.5 

297 

i 8S209 

26198073 

17*2337 

6.6719 

933 -05 

69279.2 

298 

1 88S04 

26463592 

17.2627 

6.6794 

936.19 

69746.5 

299 

S9401 

26730899 

17.2916 

6.6869 

939*34 

70215.4 

300 

i 90000 

27000000 

17.3205 

1 6.6943 

942 .48 

706S5.8 

30X 

90601 

27270901 

17.3494 

6.7018 

945*62 

71157-9 

302 

91204 

27543608 

17.3781 

6.7092 

948.76 

71631.5 

303 

91809 

27S18127 

17.4069 

6.7166 

951.90 

72106.6 

304 

92416 

28094464 

17.4356 

6.7240 

955-04 

72583-4 

305 

93025 

28372625 

17.4642 

6.7313 

958.19 

73061.7 

306 

93<536 

2S652616 ! 

17.4929 

6.7387 

961.33 

7354 X-S 

307 

94249 

28934443 

17.5214 

6-7460 

964.47 

74023.0 

30S 

94864 

2921S112 

17-5499 

6.7533 

967.61 

74506.0 

309 

95481 

29503629 

17-3784 

6.7606 

970-75 

74990.6 

3^0 

96100 

29791000 

17.6068 

6.7679 

973-89 

75476-8 

311 

96721 

30080231 

17.6352 

6.7752 

977.04 

75964-5 

312 

97344 1 

3037132S 

17.6635 

6.7824 

980-18 

76453-8 

313 

97969. 

30664297 

17.6918 

6.7897 

983-32 

76944*7 

314' 

98596 

30959144 

17.7200 

6.7969 

1 9S6.46 

77437.1 

3^5 

99225 

31255875 

I7.74S2 

6.8041 

9S9 .60 

7793 X -I 

316 

99856 

31554496 

17.7764 

6.8113 

992.74 

78426.7 

317 

100489 

31855013 i 

I7.S045 

6.8185 

995-88 

78923.9 

318 

101124 

32157432 

17,8326 

6.8256 

999-03 

79422.6 

3x9 

101761 

32461759 

17.8606 

6.8328 

1002-20 

79922.9 

320 

102400 

32768000 

17.8885 

6.8399 

1005.30 

80424. 8 



Table 4 


350 SQUARES, CUBES AND ROOTS 


Squares, Cubes, Square Roots, Cube Roots, Circumeerences 
AND Circular Areas of Nos, from i to 520 


JSTo. 

Square 

Cube 

Sq. Root 

Cube Root 

} ClRCLB 

Circum. 

Area 

321 

103041 

33076161 

17.9165 

6.8470 

1008.5 

80928.2 

322 

103684 

33386248 

17.9444 

6.8541 

lOll .6 

81433.2 

323 

104329 

33698267 

17.9722 

6.8612 

1014-7 

S1939.8 

324 

104976 

34012224 

18.0000 

6.8683 

1 01 7.9 

82448.0 

325 

105625 

34328125 

1 8.02 78 

6-8753 

1021 .0 

82957.7 

326 

106276 

34645976 

18-0555 

6.8S24 

1024.2 

S3469.0 

327 

106929 

34965783 

18.0831 

6.8894 

1027.3 

83981.8 

328 

107584 

35287552 

18. 1108 

6.8964 

1030.4 

84496.3 

329 

108241 

35611289 

18.1384 

6.9034 

1033.6 

85012.3 

330 

108900 

35937000 

18.1659 

6.9104 

1036.7 

85529-9 

331 

109561 

36264691 

IS.I934 

6.9174 

1039.9 

86049.0 

332 

II0224 

3 ^ 5943^3 

18.2209 

6.9244 

1043-0 

865^.7 

333 

110889 

36926037 

18.2483 

6.9313 

1046.2 

87092.0 

334 

111556 

37259704 

18.2757 

6.9382 

1049.3 

87615.9 

335 

XI2225 

37595375 

18.3030 j 

6.9451 

1052.4 

88141.3 

33 ^ 

112896 

37933056 

18.3303 

6.9521 

1055.6 

SS 668.3 

337 

113569 

38272753 

18,3576 

6.9589 

1058.7 

89196.9 

33S 

1 14244 

38614472 

18.3848 

6.9658 

1061.9 

89727.0 

339 

II4921 

38958219 

18.4120 

6.9727 

1065 .0 

90258.7 

340 

115600 

39304000 

18.4391 

6-9795 

1068. 1 

90792.0 

341 

116281 

39651821 

18.4662 

6.9864 

1071. 3 

91326.9 

342 

116964 

4000 I 688 

18.4932 

6.9932 

1074.4 

91863.3 

343 

117649 

40353607 

18.5203 

7-0000 

1077.6 

92401.3 

344 

118336 

40707584 

18.5472 

7.0068 

1080.7 

92940.9 

345 

I 19025 

41063625^ 

18.5742 

7.0136 

1083.8 

93482.0 

346 

119716 

41421736 

18.6011 

7-0203 

1087-0 

94024.7 

347 

120409 

417S1923 

18.6279 

7.0271 

1090. 1 

94569.0 

348 

121104 

42144192 

18.6548 

7*0338 

1093.3 

95114.9 

349 

121801 

42508549 

18.6815 

7.0406 

1096.4 

95662.3 

350 

122500 

42875000 

18.7083 

7.0473 

1099.6 

96211.3 

351 

123201 

43243551 

18.7350 

7.0540 

1102.7 

96761.8 

352 

123904 

43614208 

18.7617 

7.0607 

1105,8 

97314.0 

353 

124609 

439S6977 

18.7883 

7.0674 

I 109.0 

97867.7 

354 

125316 

44361864 

18.8149 

7.0740 

1112.1 

98423.0 

355 

126025 

44738S75 

18.8414 

7.0807 

1115.3 

98^79.8 

356 

126736 

45118016 

18.8680 

7.0873 

1118.4 

9953S.3 

357 

127449 

45499293 

18.8944 

7.0940 

1121.5 

100098 

358 

128164 

45882712 

18.9209 

7.1006 

1124.7 

X 00660 

359 

128S81 

46268279 

18.9473 

7.1072 

1127.8 

IOI223 

360 

129600 

46656000 

18.9737 

7.1138 

II31.0 

101788 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of INTos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

I Circle 

Circum- 

Area 

361 

130321 

47045881 

19.0000 

7.1204 

I134.I 

102354 

362 

13x044 

47437928 

19.0263 

7.1269 

II 37-3 

102922 

363 

131769 

47832147 

19.0526 

7*1335 

1140.4 

103491 

3<54 

132496 

48228544 

19.0788 

7.1400 

II 43 -S 

104062 

365 

133225 

48627125 

19.1050 

7.1466 

1146.7 

104635 

366 

133956 

49027896 ! 

19.1311 

7-1531 

1149.8 

105209 

367 

134689 

49430863 

19.1572 ; 

7.1596 

1153-0 

105785 

368 

135424 

49836032 

19-1833 

7.1661 

1156-1 

106362 

369 

136161 

50243409 

XQ. 20 Q 4 

7.1726 

1159*2 

106941 

370 

136900 

50653000 

19-2354 

7-1791 

1162.4 

107521 

371 

137641 

51064811 

19.2614 

7-1855 

' 1165.5 

! 108103 

372 

138384 

51478848 

19.2873 

7.1920 

i 1168.7 

108687 

373 

139129 1 

S1895117 

19.3132 

7.1984 

I 1171.8 

109272 

374 

139876 

52313624 

19-3391 

7.2048 

1 i 3 : 7 S*o 

109858 

375 

140625 

5273437s 

19.3649 

7.2112 

i 1178.1 

I 10447 

376 

141376 

53157376 

19-3907 

7.2177 

1181.2 

111036 

377 

142129 

53582633 

19.4165 

7.2240 

11S4.4 

111628 

378 

142884 

54010152 

19.4422 

7.2304 

1187.5 

112221 

379 

143641 

54439939 

19.4679 

7.2368 

1190.7 

112815 

380 

144400 

54872000 

1 19-4936 

7.2432 

1193.8 

113411 

381 

145161 

55306341 

19.5192 

7.2495 

1196.9 

114009 

382 

145924 

55742968 

19.5448 

7-2558 

1200.1 

114608 

3S3 

146689 

56181887 

19.5704 

7.2622 

1203.2 

1x5209 

384 

147456 

56623104 

19-5959 

7.2685 j 

1206.4 

1x5812 

3S5 

148225 

57066625 

1 19.6214 

7.2748 1 

i 

i?o 9.5 

116416 

386 

148996 

57512456 

19.6469 

7.2811 

1212.7 

11 702 I 

387 

149769 

57960603 

19.6723 

7.2874 

1215.8 

117628 

3S8 

150544 

58411072 

19.6977 

7.2936 

12x8.9 

118237 

3S9 

151321 

58863869 

19-7231 

7.2999 

1222.1 

118S47 

390 

152100 

59319000 

19-7484 

7.3061 

1225.2 

I 19459 

391 

152881 

59776471 

19-7737 

7-3124 

1228.4 

120072 

392 

153664 

60236288 

19.7990 

7.3186 

1231-5 

120687 

393 

154449 

60698457 

19.8242 

7.3248 

1234.6 

121304 

394 

155236 

61162984 

19.8494 

7-3310 

1237.8 

121922 

395 

156025 

61629875 

19.8746 

7.3372 

1240.9 

122542 

396 

j 156816 

62099136 

19.8997 

7-3434 

1244.1 

123163 

397 

157609 

62570773 

19.9249 

i 7-3496 

1247.2 

123786 

398 

158404 

63044792 

19.9499 

1 7-3558 

1250.4 

1 124410 

399 

159201 

63521199 

19.9750 

1 7.3619 

1253.5 

j 125036 

400 

I 60000 

64000000 

20.0000 

i 7-3684 

1256.6 

125664 
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Sqxjakes, Cubes, Square Roots, Cube Roots. CiRcuMFEREisrcEs, 
AND Circular Areas of JSTos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

i Circle 

Circum. 

Area 

401 

I 60801 

64481201 

20.0250 

7-3742 

1259.8 

126293 

402 

161604 

64964808 

20.0499 

7-3803 

1262.9 

126923 

403 

162409 

65450S27 

20.0749 

7.3864 

1266.1 

127556 

404 

163216 

65939264 

20.0998 

7-3925 

1269.2 

128190 

405 

164025 

66430125 

20.1246 

7.3986 

1272.3 

128825 

406 

164836 

66923416 

20.1494 

7.4047 

I 27 S-S 

129462 

407 

165649 

67419143 

20.1742 

7.4108 

1278.6 

130100 

408 

I 66464 

67917312 

20.1990 

7.4169 

1281.8 

130741 

409 

167281 

68417929 

20.2237 

7.4229 

1284.9 

131382 

410 

I 68100 

68921000 

20.2485 

7.4290 

1288.1 

132025 

41 1 

168921 

69426531 

20.2731 

7-4350 

I 29 I. 2 

132670 

412 

169744 

69934528 

20.2978 

7.4410 

1294-3 

133317 

413 

170569 

70444997 

20-3224 

7.4470 

1297-5 

133965 

414 

171396 

70957944 

20.3470 

- 7-4530 

1300.6 

134614 

415 

172225 

71473375 

20.3715 

7.4590 

1303.8 

135265 

416 

173056 

719Q1296 

20.3961 

7.4650 

1306.9 

135918 


173889 

72511713 

20.4206 

7.4710 

1310.0 

136572 

41S 

174724 

73034632 

20.4450 

7.4770 

I313-2 . 

137228 

419 

175561 

73560059 

20.4695 

7.4829 

1316-3 

137885 

420 

176400 

74088000 

20.4939 

7.4889 

1319-5 

138544 

421 

177241 

74618461 

20.5183 

7.4948 

1322.6 

139205 

422 

I 78084 

75151448 

20.5426 

7.5007 

I325-S 

139867 

423 

178929 

75686967 

20.5670 

7.5067 

1328.9 

140531 

424 

179776 

76225024 

20.5913 

7.5126 

1332-0 

141196 

425 

180625 

76765625 

20.6155 

7 - 5 iS 5 

1335-2 

141863 

426 

181476 

77308776 

20.6398 

7.5244 

I33S.3 

142531 

427 

182329 

77854483 

20.6640 

7.5302 

I34I-5 

143201 

428 

183184 

7S402752 

20.6882 

7.5361 

1344.6" 

143872 

429 

184041 

789535S9 

20-7123 j 

7.5420 

X 347-7 

144545 

430 

184900 

79507000 

20.7364 

7-547S 

1350.9 

145220 

431 

185761 

80062991 

20.7605 

7-5537 

1354.0 

145S96 

432 

186624 

80621568 

20.7846 

. 7-5595 • 

•1:357-2 

146574 

433 

■187489 

81182737 

’20.8087. 

7-5654 

. ? 3 60.3 : 

, :i 47254 ' 

434 

188356 

81746504 

20.8327 

.7.5712 

1363-5 

147934 

435 

189225 

82312875 

20.8567 

7-5770 

1366.6 

148617 

436 

190096 

82881856 

20.8806 

7-5828 

1369.7 

149301 

437 

190969 

83453453 

20.9045 

7.5886 

1372.9 

149987 

438 

191844 

84027672 

20.9284 

7-5944 

1376.0 

150674 

439 

192721 

846045 19 

20.9523 

7.6001 

1379.2 

151363 

440 

193600 

851S4000 

20.976a 

7-6059 

1382.3 

152053 
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Squahes, Cubes, Square Roots, Cube Roots, Circumferences 
-AND Circular Areas of Nos, from i to 520 


No. 

Square 

Cube 

Sq. Root 1 

Cube Root 

Circle 

Circum. ! 

Area 

441 

194481 

85766121 

2 1 .0000 

7.6117 

1385-4 

152745 

442 , 

195364 

86350888 

21.0238 

7.6174 

138S.6 

153439 

443 

196249 

86938307 

21-0476 

7.6232 

1391 -7 

154134 

444 

197136 

87528384 

21.0713 

7.6289 

1394.9 

154830 

445 

198025 

88121125 

21.0950 

7.6346 

1398.0 

155528 

446 

198916 

88716536 

21.1187 

7.6403 

1401.2 

156228 

447 

iqqSoq 

89314623 

21.1424 

7.6460 

1404.3 

156930 

448 

200704 

S991S392 

21.1660 

7*6517 

1407-4 

157633 

449 

201601 

90518849 

21.1896 

7-6574 

1410.6 

158337 

450 

202500 

91125000 

21.2132 

7.6631 

1413-7 

159043 

451 

203401 

91733851 

21.2368 

7.6688 

1416.9 

159751 

452 

204304 

92345408 

21.2603 

7*6744 

1420.0 

160460 

453 

205209 

92959677 

21.2838 

7.6801 

1423.1 

161171 

454 

206116 

93576664 

21.3073 

7-6857 

1426.3 

161883 

455 

207025 

94196375 

21.3307 

7.6914 

1429.4 

162597 

456 

207936 

94818816 

21.3542 

7.6970 

1432.6 

163313 

457 

208849 

95443993 

21.3776 

7.7026 

1435-7 

1 64030 

458 

209764 1 

96071912 

21.4009 

7.70S2 

143S.9 

16474S 

459 

210681 

96702579 

21.4243 

7-7138 

1442 .0 

16546S 

460 

211600 

97336000 

21.4476 

7.7194 

1445 -I 

166190 

461 

2I252I 

97972181 

2 1 .4709 

7.7250 

1448.3 

166914 

462 

213444 

98611128 

21.4942 

7.7306 

1451.4 

167639 

463 

214369 

99252847 

21.5174 

7.7362 

1454.6 

168365 

464 

215296 

99S97344 

21.5407 

7.7418 

1457-7 

169093 

465 

216225 

100544625 

21.5639 

7*7473 

1460.8 

169823 

466 

217156 

101194696 

21.5870 

7-7529 

1464.0 

170554 

467 

218089 

101847563 

21.6102 

7*7584 

1467.1 

171287 

468 

219024 

102503232 

21.6333 

7.7639 

1470-3 

I 72021 

469 

219961 

103161709 

21.6564 

7*7695 

1473-4 

172757 

470 

220900 

103823000 

21.6795 

7-7750 

1476.5 

173494 

471. 

221841 

104487111 

21.7025 

7.7805 

1479.7 

174234 

472 

222784 

105154048 

21.7256 

7.7860 

1482.8 

174974 

473 

223729 

105823817 

2I.74S6 

7-7915 

1486.0 

175716 

474 

224676 

106496424 

21.7715 

7-7970 

14S9.1 

176460 

475 

225625 

107171875 

21.7945 

7-8025 

1492.3 

177205 

476 

226576 

107850176 

1 21.8174 

7-8079 

1495-4 

177952 

477 

227529 

108531333 

21.8403 

7-8134 

1498,5 

178701 

478 

2I28484 

109215352 

21.8632 

7.8188 

1501.7 

179451 

479 

2,29441 

109902239 

21.8861 

7.8243 

1504.8 

180203 

. 4^0 

230400 

11059200c 

1 2 1 .9089 

7.8297 

1508.0 

180956 
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Squares, Cotes, Sqtjaee Roots, Cote Roots, Circomeeeences 
and Circpear Areas oe ISTos. from i to s°° 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

1 Circle 

Circuiu. 

Area 

481 

231361 

I 11284641 

21.9317 

7-8352 

1511.I 

181711 

482 

232324 

111980168 

21.9545 

7.8406 

1514-3 

182467 

483 

233289 

112678587 

21.9773 

7.8460 

1517-4 

183225 

484 

234256 

113379904 

22,0000 

7-8514 

1520.5 

183984 

485 

235225 

114084125 

ai 2 , C > lZ 12 y 

7.8568 

1523-7 

184745 

486 

236196 

114791256 

22.0454 

7 .862 2 

1526.8 

185508 

487 

237169 

ii 55 oi 3<23 

22.0681 

7.8676 

1530.0 

186272 

488 

238144 

116214272 

22.0907 

7.8730 

1533-1 

187038 

489 

239121 

116930169 

22.1133 

7.8784 

1536.-^ 

187805 

49 ^^ 

240100 

117649000 

22.1359 

7-8837 

1539-4 

188574 

491 

241081 

1183707^ 

22.1585 

7.8891 

1542-5 

189345 

492 

242064 

11QOQ5488 

22.1811 

7.8944 

1545-7 

1901 17 

493 

243049 

J19823157 

22.2036 

7.8998 

1548.8 

190890 

494 

244036 

120553784 

22.2261 

7 - 9 <^ 5 i 

1551-9 

191665 

49 S 

245025 

1212S7375 

22.2486 

7.9105 

I 5 S 5 -I 

192442 

496 

246016 

122023936 

22.2711 

7-9158 

1558-2 

19322^1 

497 

247000 

122763473 

22.2935 

7.9211 

1561.4 

194000 

498 

1 248004 


22.3159 

7.9264 

1564-5 

±94782 

499 

249001 

124251499 

22-3383 

7-9317 

1567-7 

195565 

500 

250000 

125000000 

22.3607 

7-9370 

1570.8 

196350 

SOI 

251001 

125751501 

22.3830 

7-9423 

1573-9 

197136 

502 

252004 

126506008 

22.4054 

7-9476 

1577-1 

197923 

503 

253009 1 

127263527 

22.4277 

7-9528 

1580.2 

198713 

504 

[ 254016 

128024064 

22.4499 

7-9581 

1583-4 

199504 

505 

255025 

128787625 

22.4722 

7-9634 

1586.5 

200296 

506 

256036 

129554216 

22.4944 

7.9686 

1589-7 

201090 

507 

257049 

130323843 

22.5167 

7-9739 

I592.S 

20x886 

508 

258064 

131096512 

22.5389 

7-9791 

[ 1595-9 

202683 

509 

259081 

131872229 

22.5610 

7-9843 

1599.1 

203482 

510 

260100 

132651000 

22-5S32 

7.9896 

1602.2 

204282 

Sii 

261121 

133432831 

22.6053 

7.9948 

1605.4 

205084 

512 

262144 

13421772S 

1 22.6274 

8.0000 

1608.5 

205887 

513 

263169 

135005697 

22.6495 

8-0052 

1611. 6 

206692 

514 

264196 

\^3S79^74A 

1 22.6716 

8.0104 

1614.8 

207499 

515 

265225 

136590875 

22.6936 

8.0156 

1617.9 

208307 

S16 

266256 

1373S8096 

22.7156 

8.0208 

1621.1 

2091 17 

517 

267289 

138188413 

22.7376 

8.0260 

1624-2 

209928 

SiS 

2683 24 

138991832 

22.7596 

8.0311 

1627,3 

210741 

519 

269361 

1 3:39798359 

22.7816 

8.0363 

1630.5 

211556 

520 

270400 

140608000 

22-8035 

8.0415 

1^33-6 

212372 


Table 6 TRIGONOMETRIC FUNCTIONS 355 

Table 5. Trigonometric Functions and the Solution of 

Triangles 

In the accompanying figure the trig- c 
onometric functions of the angle A 
between the lines B A and A C are 
as follows; 

sin A ^ B C 
cos A ^ A C 

tan A — E F A 

cot A ~ G H 
sec A ~ A E 
cosec A ^ A II 
ex-sec A — B E 

In the right-angled triangle ABC 
let a equal the side B C opposite the 
angle A; let h equal the side A C opposite the angle B; let c 
equal A jB, the side opposite the angle C. 

Let C — 90® 

The following formulae apply to right-angled triangles: 


Angles. ^ + -S -h C = 180® Sides. a = c s in A —h tan A 
A B ^ 90® a — ^ (c -{- ^) {c — 

^ 90" - ^ 




Oblique Triangles. 

Note. Where an angle is 
more than 90® its sine, cosine, 
and tangent are equal to that 
of the angle (180® — the angle 
in question); that is, if the sine 
of 120® is desired take the sine 
of (180° — 120®) = 60°. 
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Table 5 


Given 

Desired 

Formulae 

A, B, a 

C,b 

C = i8o — (^ + B); b — sin B 
sm A 


Cf K 

^ • // . m r.- a^sinBsmC 

c == , . sin(^ . 

sin 4 2 sin 4 

A, a, b 

B,C 

sin B= b; C - i8o°- (A + B) 

0> 


c 

a . ^ 
c = 7 sin C 

sm 4 



Two solutions are possible with B' as an acute angle 
and B as an obtuse angle 

Cj a, b. 

§ {A+B) 

§U+S) = 90 °-§C 


1 {A^B) 

tan ’l (4 -'B) — ^^.n J (4 + B) 


AB 

A = hU+B) + \{A-B) 
B^i{A+B) -i {A- B) 


c 

. sin + S) 

" = *^sin§U-B) 


K 

K ^ ^ ah sm C 

ayb, c 

B 

In the following formula j 4* ^ + c) 



sin IS 

Y flc 



„ 2 V s (j - o) (s - 6) (s - c) 

sin JD r= 

ac 


K 

K = s {s —a) {s — b) (s — c) 
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Abridgement of field notes, 156 
Accuracy, consistent, 201 
Adjustment, of angles, 196 
of compass, transit, etc., (see 
Compass; Transit; etc.). 
Alidade, 86 
plane table, 131 
Alphabets, free-hand, 216 
Angle adjustment, 196 
Angles, errors of, 198 

logarithmic angular functions, 252 
measurement of, 17, 27, 47, 88, 89, 
100, 111, 195 
natural functions of, 297 
Arc, vertical, 94 
Areas, 29, 31, 33, 49, 106 
Arithmetical mean, 193 
Astronomical day, 112 
Astronomy, 94 

Axeman, duties of, 21, 27, 172 
Axis, horizontal, 92 
vertical, 91 

Azimuth, 89, 96, 98, 138 
B . 

Back sight, 48, 59, 90 
Base line, 36, 132, 141, 150, 199 
Bench mark, 58, 59, 65, 223 
Bessell’s solution of three-point 
problem, 133 

Borrow pit, staking out, 77 
Boundaries of land, 147 \ 

Bridge and masonry party, 189 
Bmnton pocket transit, 87 ' ' ' 
Bubble line, 58, 68 


Bubble tube, 57, 68 
Bubble vial, 56, 81 
Building, staking out, 106 


Calculations, 77, 201, 202, 211 
Celestial sphere, 94, 95 
Chain and tape, 12 
linear measuring instruments, 12 
problems, 21 

(See also Contents.) 
units of measure, 12 
use of chain and tape, 14 
angles, 17, 28 
areas, 29, 32, 33 
base line, 36, 132, 141, 150, 
199 

chaining on slope, 27 
curve, locating, 36, 
errors of chaining, 36, 197 
location of objects, 19 
of points, 18 
passing obstacles, 33 
parallels, 16, 35 
perpendiculars, 16, 29 
standard of length, 24, 36, 140 
surveys, tie’ line, 19; 32 
tape constants, 37, 140 
making a standard, 37 
taping, 27 

Chaining (see Chain.) 

Chainmen, duties of, 14, 170 
Chains, care of, 5 
Chief of party, . 167 
City block, survey of, 162 
City survey, 123 , 

Civil time, lOO^ Tl^"^ 
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Clamps, 4 

Collimation, line of, 52, 91 

{See also Level; Telescope; etc.) 
Compass, 40 

adjustments and tests, 44, 50 
decimation (variation), 41, 46 
local attraction, 43 
problems., 46 

{See also Contents.) 
types of, 40 
use of, 44 

adjustment, 44 
angles, 47, 106, 168 
area, 48 

declination of needle, 42, 46 
traverse with compass, 48 
variation, 42, 46 

{See also Declination.) 
vernier, 43 

Computing, methods of, 201 
accuracy, consistent, 201 
arithmetical calculations, 202 
division, contracted, 208 
divisor near unity, 209 
multiples of 10, 205 
. multiplication, 205 
contracted, 207 
cross, 205 

square root by subtraction, 210 
contracted, 209 
of small number, 210 
computing machines, 211 
logarithmic calculations, 202 
reckoning tables, 211 
Construction surveys, 215 
Contour leveling, 78 
Contour map, 80 
Contours, 78, 213, 221 
Comers, lost, 154 
of survey, 153 
Cross-hairs, 55, 84 
Cross-sectioning, 63, 184, 191 
‘ Curve, vertical, 75 
Curve problems, 36, 191 


D 

Declination of compass, 41, 46 
Definition of telescope, 54 
Deflection of line, 89 
Deflection traverse, 90 
Delicacy of bubble vial, 81 
Departures, 41, 107 
Description of land, 153 
Diflerential leveling, 59, 69 
Drawing pens, 217 
Dumpy level, 51, 68, 83 
{See also Level.) 

E 

Eccentricity of instrument, 51, 94 
Engineer’s level, 51 
Engineer’s transit, 86 
Ephemeris, solar, 116 
Errors of surveying, 193 
angular, 195 
base lines, 199 
leveling, 199 
linear, 197 
probable error, 193 
tests of precision, 197 
traversing surveys, 199 

{See also Angles; Chain; etc.) 
Estimates, 182 

Expansion of tape, correction for, 
141 

Eyepiece, 53, 54 

E 

Field notes, 6 
book, 6 
character of, 6 
criticism of, 10 
cross-referencing, 7 
erasures, 8 
form of, 7 
recording, 6 
scope, 6 
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Field notes, sketches, 7 
title page, 6 

Field tables, standard, 154 
Field work, general instructions, 1 
Flagman, duties of, 173 
Flag pole, 5, 22, 87 

{See also Range pole.) 

Foot screws, 4 
Fore sight, 59 

Forms of notes {see Level notes; 

Transit notes; etc.). 

Free-hand lettering, 10, 216 

G 

Grade lines, 75, 90, 181 
{See also Level.) 

Grade point, 186 
Guide meridian, 150 

H 

Hachures, 213 
Hand level, 51 
Hatchet, 5 

Hatchet planimeter, 212 
Height of tower, 109 
Horizontal axis of transit, 91 

I 

Illumination of telescope, 55 
Instructions, field notes, 6 
book, 6 
character of, 6 
criticism of, 10 
cross-referencing, 6 
erasures, 8 
form of notes, 7 
indexing, 6 
interpretation, 6 
lettering, 7, 10 
numerical data, 8 
office copies, 10 


Instructions, field notes, original, 6 
pencil, 6 

recording field notes, 6 
scope, 6 
sketches, 7 
title page, 6 
field work, 1 

accuracy, consistent, 1 
correctness, habitual, 1 
decorum, field practice, 2 
duties, alternation of, 2 
instructions, familiarity with, 2 
instruments, inferior, 2 
speed, 1 
general, 1 

adjusting screws, 4 
axes and hatchets, 5 
carrying instruments, 3 
chains and tapes, 5 
clamps, 4 

exposure of instrument, 3 
eyepiece, 4 

field equipment, care of, 2 
flag poles, 5 
foot screws, 4 
lenses, 5 
leveling rods, 5 
magnetic needle, 5 
plumb bob, 5 
setting up, 3 
stakes, 5 
sunshade, 3 
tangent screws, 4 
tripod, 2, 5 
oflBce work, 11 
calculations, 11 
drafting, 11 

drafting-room decorum, 11 
Instrument ease, 3 

J 

Jack-knife planimeter, 212 
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L 

Land line party, 189 

Land surveying, 146 

functions of surveyor, 146 
metes and bounds, survey by, 163 
problems, 157 

city block, resurvey of, 162 
comer, establishing, 159 
metes and bounds, 163 
partition of land, 163 
quarter-section corner, 159 
section, resurvey of, 160 
section corner, 159 
townsite, survey of, 164 
rectangular system, U. S., 148 
resurvey rules, 146 

{See also Contents.) 

Latitude, 41, 107 

Lens, eyepiece, 53 
objective, 52 

Lettering (see Free-hand lettering). 

Level, 51 

adjustments, 91 
attached, 92, 93 
dumpy, 51 
running lines, 63 
telescope, 52 
types of, 51 
use of, 59 

adjustment, of dumpy, 68, 83 
of wye, 65, 82 

bubble vial, delicacy of, 57, 81 
calculation of quantities, 77 
contour leveling, 78 ■ 
contour map, use of, 80 
cross-hairs, 55, 84 
cross-sectioning, 63-, 77 
differential leveling, 59, 69 
errors, of leveling, 65, 69, 199 
of setting level target, 84 
grade line, establishing,- 75 
levels for street paving, 77 
level vial, 57, 81 

{See afeo Bubble vial.) 


Level, use of, profile leveling, 61, 
71, 72 

reciprocal leveling, 81 
setting slope stakes, 76 
staking out borrow pit, 77 
tests of dumpy level, 83 
of wye level, 82 
vertical curve, 75 
wye, 51 

Level circuit, error of, 65, 69, 70, 197 

Level rods, 5, 58, 59 

Level tester, 57 

Leveler, 174 

Levels, plate, 45, 91 

Line of collimation, 67, 91, 135 

Local attraction, 43 

Local mean solar time, 100, 112 

Local time, 100, 112 

Location profile, 182 

Location survey, 166 

Logarithm tables, 202 

M 

Magnetic needle, 41 
Meridian, guide, 150 
principal, 150 
true, 112, 114, 115, 119 

N 

North, true, 112, 114, 115, 119 
Note book, field, 6 

P 

Pace, length of, 22 
Pacing, distances by, 22 
Parallax, 90 
of telescope, 55 
Parallels {see Chain). 

standard, 150 
Pens, drawing, 217 
Plane table, 130 
problems, 138, 139 
survey, 138 
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Planimeter, 212 
Plate levels, 91 
Plumb bob, 5, 87 
Plumb line, 92 
Plotting methods, 213 
Plotting sheet for map, ISO 
Plunge reversals, 101, 106 
Polaris, azimuths of, 96, 98 
ephemeris of, 116 
observations of, 94, 112, 114 
Profile leveling {see Level), 
railroad, 185 

R 

Race track survey, 110 
Radius of curvature of bubble tube, 
57 

Railroad surveying, 166 

bridge and masonry party, 189 
cross-sectioning party, 184 
land line party, 189 
level party, 174 
leveler, 174 
rodman, 175 
ofiice work, 179 

estimates, approximate, of 
quantities and costs, 182, 183 
map, location, 182 
preliminary, 179 
office copies, 183 
profile, location, 182 
preliminary, 181 
records, right of way, 183 
report of reconnaissance, 179 
problems, 189 

(_See also Contents.) 
topography party, 176 
tapeman, 179 
topographer, 176 
topography rodman, 178 
transit party, 167 
axeman, 172 
chief of party, 167 
front flagman, 173 


Railroad surveying, transit party, 
head chainman, 170 
rear chainman, 171 
rear flagman, 173 
stakeman, 172 
transit man, 167 
Range pole, 5, 22, 87 
{See also Flag pole.) 

Range pole practice, 22 
Ranging in lines, 20 
Reciprocal leveling, 81 
Reckoning tables, 211 
Rectangular land surveys, 148 
Referencing out points, 103 
Refraction of sun, 118 
Repetition, angles by repetition, 89, 
111 

Restoration of lost corners, 154 
Resurvey party, 189 
Resurveys, 146, 162 
city block, 162 
by mefces and bounds, 163 
rules for, 147 
Rings of wye level, 67 
Rodman, duties of, 59, 174 
Rods, leveling, 58, 178 
stadia, 128 

S 

Sag of tape, correction for, 141 
Screws, adjusting, 4 
foot, 4 
tangent, 4 

Section, subdivision of, 153 

Series, measurement of angles by, 88 

Sextant, 134 

Shafting, survey of, 109 

Sidereal day, 100 

Signals, 20 

Simpson’s rule, 32 

Slope stakes {see Level). 

Solar transit, 116 
Sphere, celestial, 94, 95 
Stadia, 128, 135, 136, 143 
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Stakeman, duties of, 21, 172 
Stakes and stake driving, 20, 21 
Standard {see Chain). 

Standard parallels, 150 

Sun, observations on, 94, 115, 119 

Sunshade, 3 

Survey (see Chain; Compass; Land; 
Level; Railroad; Stadia; Topo- 
graphic; Transit; etc.). 
Surveyor, functions of, 146 
Symbols, topographic, 218 

T 

Tables, functions of angles, 297 
logarithmic functions of angles, 
252 

logarithms of numbers, 228 
Tape (see Chain). 

Tapeman (see Chainman). 

Tapes, care of, 5 
Targets, level, 59, 84 
Telescope, 52 

chromatic aberration, 52 

collimation, line of, 52, 53, 91 ' 

cross-hairs, 55 

definition, 54 

eye-piece, 4, 54 

field, angular width, 55 

illumination, 55 

magnifying power, 55 

objective, 52 

parallax, 55 

spherical aberration, 54 
tests of, 54, 120 
Tie-line surveys (see Surveys). 

Time, civil, 100 
local, 100 
sidereal, 100 
Titles of maps, 217 
Topographer, duties of, 177 
Topographic surveying, 125 
city topographic survey, 125 
hydrography, 126 
map, 125. 213 


Topographic surveying, probl an 
base line measurement, Z 
141 

tape coefiSlcients, 140 
plane table and stadia, 138 
by intersection, 139 
by radiation, 138 
three-point problem, 139 
by traversing, 139 
sextant, angles with, 139 
sketching topography, 142 
stadia, azimuth traverse witl 
138 

constants, fixed hairs, 135 
reduction table, 136 
topographic survey, 125 
transit and stadia survey, 138 
transitman, duties of, 167 
triangulation system, 142 
(See also Contents.) 

Township survey, 151 
Transit, 86 
adjustment, 91 

(See also Problems.) 
problems, 100 

(See also Contents.) 
solar, 116 
telescope, 92 

(See also Telescope.) 
types of, 86 
use of, adjustment, 91 
angles by repetition, 111 

deflection, 89 | 

horizontal, 88 
vertical, 89 

angular errors, 89, 198 
area, transit traverse, 106 
comparison of transit tele- 
scopes, 120 

cross-hairs, stretching, 84 
deflection survey, 89 
double sighting, 100 
eccentricity, 94 
error of setting pole, 122 
height of tower, 109 
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Transit, use of, interpolation of 
point, 100 

intersection of lines, 103 
leveling with transit, 90 
line shafting survey, 109 
meridian, determination of po- 
laris, at any time, 114 
at elongation, 112 
solar, direct, 116 
solar attachment, 119 
passing obstacle, 104 
prolongation of line, 88, 100 
race track survey, 110 
referencing out a point, 102 
sketching a transit, 121 
staking out a building, 106 
tests of transit, 120 
traverse survey, 104 


Transit, use of, triangulation across 
river, 104 

Traverse surveys, 104 
Triangulation, 142, 145 

V 

Variation of magnetic compass, 42 
Vernier, 44, 88, 94 
Vertical arc, 94 
Vertical axis, 91 
Vertical curve, 75 

W 

Water level, 51 
Wye level, 51, 65 
{See also Level.) 



